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A new anatomic basis for the spread of the impulse in the mammalian ventricle. 
D. 1. ABRamson and J. C. CARDWELL (by invitation). Department of 
Physiology, Long Island College of Medicine. (Demonstration.) 

The current view in relation to the conduction pathway in the heart 
postulates that the impulse, after spreading over the subendocardial Pur- 
kinje system, leaves this network to extend throughout the ventricular 
musculature by virtue of the conductivity of the myocardium itself. How- 
ever, a study of the beef heart has proved conclusively that in the ventric- 
ular muscle are found Purkinje fibers which have as wide and diverse a 
ramification as the subendocardial network, and of which they are a direct 
continuation. The bundle of His, its two large subdivisions, as well as 
the Purkinje network, may be readily brought into view by means of 
injecting such materials as India ink and celloidin into the sheath sur- 
rounding the individual fibers. 

The Purkinje system is arbitrarily divided into two subdivisions: 1, the 
subendocardial network which lies directly beneath the endocardium in 
the subendocardial areolar tissue, and 2, the myocardial network which is 
found in the muscle of the ventricles. Up to the present, very little phys- 
iologic significance has been given to this myocardial Purkinje system 
which forms plexus-like arrangements throughout the outer walls and sep- 
tum of both ventricles, extending in many sites as far as the epicardial 
surface of the heart. In the outer wall of the left ventricle, these pene- 
trating fasciculi are disposed in layers which run grossly perpendicular to 
the subendocardial network, whereas in the outer wall of the right, the 
layers are nearly parallel to the subendocardial network and to one another. 
Myocardial Purkinje fibers are found also in the interventricular septum, 
connecting the subendocardial system of the right ventricle with that of 
the left. 

A grossly similar myocardial Purkinje network has been noted also in 
both the sheep and pig heart. 


Anuria in the frog under the influence of carbon dioxide. Epwarp F. 
ApotpH. Department of Physiology, School of Medicine and Den- 
tistry, The University of Rochester. (Read by title.) 

When a frog is placed in an atmosphere of 30 per cent CO, and 70 per cent 
oxygen usually no urine is formed. This is found by ligating the cloaca 
for a period of time while the frog is partly immersed in water; release of 
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the ligature at the end of a period of CO, liberates no urine. After the 
exposure (at 20° to 23°C.) diuresis develops, making up for the anuria 
within 2 or 3 hours. An atmosphere of 10 per cent CO, does not reduce 
the rate of urine formation. 

An operated frog with tissues exposed generally requires a tension of CO, 
slightly higher than 30 per cent to produce comparable effects. When a 
pithed frog with one ureter cannulated is treated to CO, in a gas chamber, 
the flow of urine may slow within 2 minutes and ceases within 4 minutes, 
resuming within 10 minutes after room air is administered. In the exposed 
kidney of the pithed frog, which can be observed simultaneously with the 
ureteral output, it is seen that the blood may stop flowing through all the 
glomeruli in 1 to 4 minutes after the CO, atmosphere is furnished, returning 
in 2 to 8 minutes after room air is given. The flow of blood in the renal 
portal vein is not noticeably affected. With a critical tension of CO, in a 
given frog, some only of the glomeruli become reversibly inactive, allowing 
blood to flow through others. 

Denervation of the kidneys does not prevent the anuria in the intact 
frog, nor does ligation of the renal portal veins. Subcutaneous administra- 
tion of 1 per cent urea solutions or other fluids that tend to induce diuresis 
does not interfere with the anuria. The response to CO, is observed to be. 
a constriction of the renal arterioles and afferent vessels, which is also the 
mode of response to lack of oxygen in the frog, as elsewhere reported. The 
stimulus to vasoconstriction evidently impinges within the kidney. In all 
the frogs observed under the influence of these two agents the rate of urine 
production is primarily correlated with the simultaneous flow of blood 
through glomeruli. 


Levulose tolerance curves in renal diabetics. Marie ANDERSCH (by invita- 
tion), B. B. Ciark (by invitation), and R. B. Gipson. Pathological 
Chemistry Laboratory, The State University of Iowa, Iowa City, Iowa. 
(Read by title.) 

In order to establish a possible basis for the differential diagnosis, glu- 
cose and levulose tolerance curves, using 50 grams loads of sugar, were run 
on normals, diabetics, and renal diabetics. It was found that on normal 
subjects, the-levulose curves were relatively flat, as has been previously 
reported in the literature. Levulose administered to diabetics caused a 
hyperglycemia and glycosuria usually of similar magnitude or slightly less 
than the ecrresponding amount of glucose. In eight renal diabetics, the 
glucose curves indicated a slightly diminished tolerance. The blood 
sugar, however, usually returned to the base or fell below in two hours. 
Although the levulose curves were slightly higher in the renal diabetic 
than in the normal, they were appreciably lower than the glucose curve 
of the same object. 


Serum inhibitory to the thyreotropic hormone. KE. M. ANDERSON (by invi- 
tation) and J. B. Cottre. McGill University, Montreal, Canada. 
Animals injected with the thyreotropic hormone of the anterior pituitary 

show a temporary rise in metabolic rate which is followed by a depression 
of metabolism which may go as low as that of the hypophysectomized 
animal. This low metabolic rate can be raised, however, by the giving of 
thyroxine. The serum from these animals contains a substance which is 
capable of inhibiting the action of the thyreotropic hormone in normal and 
hypophysectomized animals. 


| 
| 
| 
| 
7 
| 


PROCEEDINGS 3 


The relation of the autonomic nervous system to the motility and secretion of the 
stomach in Elasmobranchs. B. P. Baskin and M.H.FriepMan. De- 
partment of Physiology, McGill University, Montreal. 

This work was performed conjointly with Drs. M. E. MacKay-Sawyer 
and A. F. Chaisson at the Biological Station, St. Andrews, N. B. 

Various branches of the visceral division of the vagus, when stimulated 
by an induction current of moderate strength, activate the local motility 
of different regions of the stomach. A stronger current usually produces a 
contraction of the pylorus, which gradually spreads to other parts of the 
stomach. Stimulation of the splanchnic nerves produces a much stronger 
contraction, which also begins at the pylorus and gradually moves towards 
the cardiac end. Contraction usually starts 12 to 20 seconds after the 
cessation of stimulation. 

A fasting skate secretes continuously very small amounts of highly acid 
gastric juice. Section of the vagi or injection of large doses of atropin 
does not stop this secretion. Adrenalin inhibits this spontaneous secretion 
for a period of several hours. Stimulation of the sympathetic nervous 
supply to the stomach does not affect the secretion. 

Elimination of the influence of the sympathetic nervous system by de- 
struction of the spinal cord from the cervical region down to the tail results 
in a “paralytic secretion” of gastric juice. The amount of this secretion 
varies in different animals from a few cubic centimeters up to 30 ce. in 24 
hours. The pH varies between 2.0 and 5.0 and the digestive power (Mett’s 
method) is moderate. From the onset of the paralytic secretion to the 
end of the experiment the freezing point depression of the juice becomes 
gradually lower. This fall coincides with a lowering of the blood A. 
Since adrenalin stops the “‘paralytic secretion,” it is highly probable that 
it is of purely vascular origin. 


Relation of potassium to the contractions of mammalian skeletal muscle and its 
similarity to the effect of sympathetic stimulation. ANNA M. BartrJer. 
Department of Physiology, School of Hygiene, Johns Hopkins University. 
Stimulation of the sympathetic nerves temporarily diminishes the fatigue 

of contracting skeletal muscle (Orbeli). It has been assumed that this 
might be due to liberation of the adrenalin-like substance (sympathin) 
in the smooth muscle of the blood vessels. Because calcium has been 
shown to retard fatigue in frog muscle and because it has been claimed 
that calcium has an effect similar to sympathetic stimulation on some 
tissues it seemed desirable to study the effect of this ion. 

Rhythmical contractions of the tibialis anticus in cats were produced by 
stimulation of the motor roots. Introduction into the arterial blood 
flowing to the muscle of 2 ec. of Ringer’s solution was without effect on the 
contracting muscle if the concentration of CaCl, was 0.024—0.05 per cent 
but if the concentration was 0.05-0.65 per cent there was a temporary 
decrease in the contractions, due possibly to a vasoconstrictor effect. 

On the contrary, introduction of a solution containing 0.2-0.8 per cent 
KCl always produced a temporary increase in the height of the contrac- 
tions, proportional to the concentration of potassium. The effect was 
similar to that obtained with stimulation of the sympathetic but the pro- 
gressive rise and subsequent return to the original height were much more 
rapid. Like the sympathetic effect it was not due to an alteration in the 
circulation and was unaffected by administration of ergotamine. The 
effect of potassium was undiminished when the muscle was stimulated 
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directly after curarization indicating that the effect is on the muscle fibers. 
Orbeli claimed that the effect of sympathetic stimulation is on the myo- 
neural junction. It seems to disappear after curarization. 

An attempt was made to determine if sympathetic stimulation caused 
the liberation of potassium. Analysis of the venous blood from the leg 
before and during stimulation of the lower abdominal sympathetic chain 
yielded inconclusive results, an increase being found in nine experiments 
(possibly due to vasoconstriction) and an insignificant increase in five. 

Stimulation of the somatic nerves to the point where the muscle ceased 
to respond led to a marked increase in plasma potassium. 


The effects of calcium chloride, acid and alkali, upon conduction in nerves 
locally cooled. Dominic Bara (by invitation) and Harotp N. Evs. 
Loyola University, School of Medicine, Chicago. 

Conduction in locally cooled sciatic nerves of frogs was studied by ob- 
serving the temperature and type of block which developed. The frogs 
were kept in a refrigerator at 5°-8°C. for at least forty-eight hours before 
using. This treatment permitted conduction in freshly excised nerves to 
4°-9°C. below zero; blocks occurred only when ice formed. The nerve 
only, directly after removal, was placed in the solutions investigated; the 
muscle was protected from the solutions and from drying. 

Previously Ets and Boyd (This Journal 1933, 105, 31), had found 
that the blocking temperature of nerve treated with Ringer’s solution 
containing an excess of potassium gradually rose until conduction 
failed at room temperature. The concentration of potassium and time of 
treatment were factors in the rate at which the effects developed. In 
contrast, nerves treated with isotonic solution of calcium chloride blocked 
only by freezing, after considerable supercooling. No change in type of 
block occurred, although with sufficiently long treatment the nerve became 
inexcitable at room temperature. Nerves treated with hydrochloric acid 
Ringer’s solution, pH 3, or with sodium hydroxide Ringer’s solution, pH 10, 
even for three hours, blocked by freezing. When Ringer’s solution, pH 
1.8, was used, blocking temperature of the nerves gradually rose with 
increased time of immersion until non-irritability developed in about 65 
minutes. With the use of Ringer’s solution, pH 12.5, the nerve still 
showed a tendency to block only by freezing; non-excitability resulted 
after 60 minutes of immersion. The preparations made non-excitable by 
calcium showed recovery after immersion in normal Ringer’s solution. 
Neither the acid nor alkaline non-excitable nerves showed this recovery. 


Localization of body vapor pressure reflexes to environmental temperature in 
the infundibular portion of the hypothalamus. Henry G. Barpour. 
Department of Pharmacology and Toxicology, Yale University. 

Reflex responses to environmental temperature by which the vapor 
pressure of the body varies in the direction favorable to heat regulation 
(decrease with cold, increase with warmth) have been described in detail 
by Gilman and myself. The serum osmotic pressure response to cold has 
now been studied in cats with a variety of transverse sections of the brain 
stem. Whenever the cat becomes poikilothermous, the osmotic pressure 
response to cold is abolished. The critical point for the osmotic pressure 
response is the infundibular region of the hypothalamus, long known as 
most important for heat regulation as well as for sympathetic control. 
Neither the supra-optic nuclei, nor other cell groups dorsal or anterior to 
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the tuberal region are essential to the reflex, which is abolished by com- 
plete transverse sections posterior to the mammillary bodies. 


Decorticate and decerebrate rigidities in the cat.| Puitie BARD, CHANDLER 
M. Brooks (by invitation) and CLinron N. Woo.sey (by invitation). 
Departments of Physiology, Harvard Medical School and the Johns 
Hopkins University. 

Complete decortication or bilateral removal of all cortex rostral to the 
ansate sulci (frontal poles) produces a permanent bilateral extensor rigid- 
ity. Permanent rigidities confined to the contralateral limbs result from 
the following procedures: 1, ablation of one frontal pole; 2, unilateral de- 
cortication; 3, unilateral removal of all tissue above the hypothalamus; 4, 
unilateral decerebration (removal down to intercollicular level). When 
in the same animal procedure 1 has been carried out on one side and either 
procedure 2 or 3 on the other side, the rigidities of the limbs of the two 
sides are always equal. When procedures 1 and 4 are thus combined the 
rigidity is slightly but definitely greater in the limbs opposite the unilateral 
decerebration. These results indicate that the removal of a cortical influence 
is the most important factor in the development of decerebrate rigidity. A 
mesencephalic influence is of definite but minor importance. The decor- 
ticate rigidities and the unilateral rigidities of surviving hemidecerebrate 
cats are revealed in full strength only when the animals are suspended and 
quiet; they do not interfere with locomotion and are scarcely detectable 
during standing. 

Unilateral or bilateral removal of all neocortex situatedd caudal to the 
ansate sulcus does not produce rigidity. The small cortical remnants 
thus left successfully inhibit the development of decorticate rigidity. 
Rigidity has invariably failed to appear after cleanly circumscribed abla- 
tions of the medial third of the anterior sigmoid gyrus together with the 
gyrus proreus (removal of areas A, G, H and I of Langworthy). If this 
fraction of the cortex contains the premotor area (area frontalis) it can 
be said that removal of this area in the cat, as in the dog (Woolsey, Brain, 
Dec. 1933), is not responsible for the production of decorticate rigidity or 
any other form of hypertonia of the musculature of the limbs. 


The effects of the endocrine glands on carborhydrate metabolism. A working 
hypothesis. B.O. Barnes. University of Chicago. 

Previous work has shown that hypophysectomy or partial adrenalec- 
tomy prior to removal of the pancreas decreases the severity of experi- 
mental diabetes. Reports have been made that thyroid feeding mobilizes 
body glycogen and that hyperthyroidism aggravates diabetes while 
thyroidectomy improves that disease. It has been found that thyroid 
feeding to dogs with both the pituitary and pancreas removed did not 
produce any change in the glycosuria. The heart rate was increased but 
the polyuria and diarrhea usually found during thyroid feeding was not 
observed. By the injection of pituitary extracts into a hypophysectom- 
ized-pancreatectomized dog, a severe glycosuria can be produced. One 
possible explanation for all the above facts is the following: that the 
thyroid may exert an influence on carbohydrate metabolism through the 
pituitary which in turn may mfluence the adrenals. This is not a theory, 
but a working hypothesis which is being subjected to experimental test. 


The physiological activity of the thyroid gland. B. O. Barnegs, J.G. BuENO 
(by invitation) and Mitprep Jones (by invitation). University of 
Chicago. (Read by title.) 


1 This investigation has been aided by a grant from the Josiah Macy, Jr. Foundation. 
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Various authors have reported that crystalline thyroxine is quanti- 
tatively less active than desiccated thyroid or thyroglobulin when doses 
containing equivalent amounts of iodine are administered, yet they are 
agreed that all of the iodine in thyroglobulin is not present as thyroxine. 
No definite evidence has appeared to indicate whether the discrepancy is 
due to other active iodine compounds or whether thyroxine in combination 
with other amino acids is more active than the crystalline form. Thyro- 
globulin has been split into acid-soluble and acid-insoluble fractions by 
treatment with pepsin for 12 to 24 hours. About one half of the iodine 
was present in each fraction. Analysis of these fractions for thyroxine by 
the method of Leland and Foster showed that the acid-insoluble fraction 
contained about 4 times as much thyroxine as the acid-soluble. Both 
fractions have been compared for physiological activity on 1, basal metab- 
olism, weight loss, urine output and thirst in dogs; 2, weight loss in rats, 
and 3, the feather germ reaction for thyroid hormone. 

The results by all these tests indicated that within the errors of the 
methods, the two fractions were about equal in activity. Furthermore, 
the rise in metabolism was approximately the same as was obtained when a 
dose of desiccated thyroid containing the same quantity of iodine was 
administered. If the acid-soluble material was further digested with 
commercial pancreatin, most of its physiological activity was lost al- 
though the thyroxine was still present. 


Estimation of cardiac output from blood pressure measurements. H. C. 
Bazett, F. 8. Corron (by invitation), L. B. LApLacr (by invitation), 
and J. C. Scort (by invitation). Department of Physiology, University 
of Pennsylvania. 

Blood pressures were measured by the method already described, and 
estimates of pulse wave velocities from the heart to subclavian, from the 
subclavian to the branchial and femoral, and from the femoral to dorsalis 
pedis were made. Cardiac output was determined by acetylene on the 
same day. Basal conditions were maintained. Through the courtesy of 
Doctors Starr and Gamble and their associates, comparisons were also 
made with the modified ethyl iodide method, though in this case the two 
sets of observations were conducted under somewhat different conditions. 
Repeated observations were made on 12 subjects of both sexes varying 
in age from 21 to 76, and in surface area from 1.36 to 1.89 with variations 
in systolic pressures from 94 to 205, and in pulse rates from 41 to 90. 

In spite of the very varying types of subjects selected, the treatment of 
the blood pressure data adopted gave reasonable values for cardiac out- 
put; the average discrepancy between these estimates and those by acet- 
ylene was less than 15 per cent. Calculations by Broemser and Ranke’s 
equations from data obtained by our methods agreed very poorly with 
respiratory estimates. 

The calculations are based on the estimation of the outflow from the 
arterial tree during diastole from the fall of pressure succeeding the dicrotic 
wave, from the distensibility of the system (as judged by the pulse wave 
velocities) and from the size of the vessels estimated from Suter’s patho- 
logical data. The outflow in systole is estimated on the assumption that 
it isrelated to that in diastole, according to the relative pressures existing 
in, and the durations of, the two phases. The constants used have been 
adjusted empirically to give the best possible agreement. 
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We would like to express our thanks to Doctor Grollman for advice in 
regard to his method. 


Estimation of lateral arterial pressure by the Riva Rocci method. H.C. Ba- 
zeTT and L. B. Lapuace (by invitation). Department of Physiology, 
University of Pennsylvania. (Demonstration.) 

Records are demonstrated to illustrate the accuracy obtainable in 
estimating lateral arterial pressure by the optical Riva Rocci method pre- 
viously described. Some records were obtained in a circulation schema, 
in which a section of the system was enclosed in a glass tube and was ex- 
posed to varying air pressures; others were obtained by the enclosure of a 
section of a dog’s femoral artery in a similar system. Pressures were re- 
corded directly with optical manometers (Wiggers type) with T-shaped 
cannulae inserted in the vessel above and below the compressed segment. 

Records demonstrate that the lateral diastolic pressure is indicated by a 
change in the oscillometric curve, and that the initial negative wave de- 
scribed by Erlanger and by Bramwell is also developed at this pressure 
provided that the up stroke of the pulse wave is steep. The conditions 
of the development of the negative wave support Bramwell’s hypothesis 
of a “breaker” effect. The error of estimation of diastolic pressure under 
favorable conditions is less than 3 mm. The pressure of the dicrotic wave 
may also be determined from the oscillogram with an error of some 5 mm. 

At compressing pressures which exceed the diastolic level the systemic 
pressure is itself altered, and this interferes with the estimation of the sys- 
tolic level, so that exact measurement of the pressure existing before com- 
pression has been impossible. The first occurrence of a peripheral pulse 
(which agrees with the criterion of the first sound) occurs at compression 
pressures above the unobstructed systolic level. The criterion we have 
suggested previously as probably significant for lateral pressure gives 
values which are too low. 

Our thanks are due to Miss M. E. Maxfield and to Mr. N. Wander for 
their assistance in these experiments. 


Evidence of sympathetic influence on anterior lymph hearts in Rane pipiens. 
Ernest B. Benson (by invitation). Department of Physiology, Bos- 
ton University School of Medicine. (Read by title.) 

In the absence of all knowledge concerning a sympathetic supply to the 
walls of lymph hearts, an attempt was made to determine the effect of 
removal of the sympathetic chain in the region of these organs, the muscu- 
lature of which consists of a meshwork of striated fibers rhythmically 
actuated by spinal nerves. 

A portion of the sympathetic chain in the vicinity of the 3rd spinal 
nerve, including the rami communicantes, was removed on one side in the 
etherized animal by dorso-lateral approach from a point just posterior to the 
scapula. The time interval between operation and observation varied 
from 1 to 30 days. At the end of the period the hearts on each side were 
exposed under etherization by 1, raising the scapula to a vertical position; 
2, cutting transversely the subscapular muscle to eliminate tension on 
lymph heart and blood vessels, and 3, removing the fascia covering the 
lymph heart. Observations were made under a dissecting binocular, and 
kymographic records of the contractions of both anterior hearts were ob- 
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tained through the use of light vertical straws attached to counterbalanced 
writing levers of equal length. 

Up to a certain limit the amplitude of contraction of the heart on the 
operated side diminished progressively with lapse of time after operation, 
the results being consistent in 14 out of the 15 experiments. In one in- 
stance the aortic arches were clamped; in another, the blood-heart re- 
moved. Blank operation on the control side without sympathectomy 
did not, in any instance, alter the effect. 

Results suggest the existence of a sympathetic supply to the anterior 
lymph hearts, with the possibility of a trophic interpretation of its 
significance. 


Changes in peripheral blood flow accompanying localized exposure of carotid 
sinus region to low and high THroporE BERNTHAL. Depart- 
ment of Physiology, University of Michigan, Ann Arbor. 

Changes in peripheral blood volume flow brought about reflexly by 
exposure of the carotid sinus and the carotid body of the dog to changing 
tensions of blood oxygen and to changing tensions of blood CO, were 
studied. 

Each common carotid and each external carotid artery was cannulated. 
The internal carotid and the occipital arteries as well as all other carotid 
efferent branches were ligated, taking care to preserve the carotid sinus 
nerve and the blood supply of the carotid body. 

The carotid sinuses and carotid bodies were then perfused with hepari- 
nized normal arterial blood at a constant mean blood pressure, constant 
pulse pressure and constant pulse rate. At intervals known changes in 
either the O, tension or the CO, tension of the perfusing blood were pro- 
duced. Under these conditions the volume flow of blood in the axillary 
arteries was observed (Gesell’s and Bronk’s thermoelectric method), the 
blood flowing through these arteries also being supplied at a constant 
mean and pulse pressure and a constant pulse rate. 

Lowering the O, tension of the blood supplying the sinus region by 10 mm. 
Hg or more was invariably followed by a diminished flow of blood through 
the axillary artery, usually well maintained until return to the original 
O, tension, whereupon the flow either returned to preadministration level 
or was temporarily increased above preadministration level. 

Raising the CO, tension of the blood perfusing the sinus region like- 
wise resulted in a decreased axillary blood flow which was often only par- 
tially or temporarily maintained during the period of high CO, administra- 
tion. Upon resumption of the original CO, tension the axillary blood 
flow either returned to its original level or was temporarily increased 
above it. 

These changes in axillary blood flow were strikingly accentuated by 
vagotomy. Changes of O, or CO, tension so small that they produced 
indefinite effects with vagi intact often produced marked effects after 
vagotomy. 


The cause of action currents: A direct effect of the metabolic products inde- 
pendent of permeability changes. R. BeutTNerR and J. J. PrusMack (by 
invitation). School of Medicine, University of Louisville. 

Since excitation is generally associated with an increased permeability, 
it is customary to explain the origin of the negative electric variation coin- 
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cident with excitation as a result of that increased permeability. Yet in 
spite of extensive discussion continued for half a century, nothing is known 
about the nature and site of the respective membranes. 

Through a valuable suggestion from Dr. H. C. Lawson of this school, 
we were led to inquire whether the negative variation may result from a 
variation of phase boundary potentials directly produced by any of the 
metabolic products which are known to arise in muscular contraction, 
such as lactic acid or creatin, or possibly adenine, inosinic acid or phos- 
phorie acid. 

To test this idea we used the apparatus described by one of us (see R. 
Beutner, Physical Chemistry of Living Tissues and Life Processes, Baltimore, 
1933, p. 202), where a massive layer of a fat, with or without addition of a 
water-immiscible solvent, like guaiacol, ete., is inserted as an electrical 
conductor between two watery solutions. Electric connections from these 
solutions to a measuring instrument are made by impolarizable electrodes 
(compare fig. 59, in the book mentioned). The composition of one of these 
two solutions can be changed. The effect of any such change upon the 
electromotive force of the entire system is then observed. 

When using as a central conductor in this apparatus lecithin or lecithin 
+ guaiacol in contact on one side with physiological saline, the addition of 
lactic acid to that saline resulted in a distinct negative variation (data to be 
presented). Since our central layer (or ‘“‘membrane’’) is 1 cm. thick the 
possibility of a change of permeability is excluded. It appears, therefore, 
that metabolic products can produce a negative variation in contact with lip- 
oids even if permeability has no influence. 

The details of the time curve of the action current of a single nerve or 
muscle fibre ought to be explained, we believe, as resulting from the chem- 
ical changes involved in excitation and possibly in recovery. 


New experiments pleading against the pore theory of Michaelis. R. Brut- 
NER, J. J. PRUSMACK (by invitation), and N. Epstein (by invitation). 
School of Medicine, University of Louisville. (Read by title.) 

The following observations plead against the pore theory of L. Michaelis 
according to which positive and negative ions acquire a difference of 
mobility in membrane pores and give rise to diffusion potentials. 

The following cell arrangement was measured: 


liquid collodion ether KCl of varying con- 
and alcohol added drind enlledion | centration 


If the KCl concentration was changed the electromotive force varied 
in the same manner as on an ordinary dried collodion film, no matter 
which solution was first applied. This finding would be inconceivable 
according to the pore theory. The filling of the pores with KCI solution 
from opposite sides is manifestly obviated in this arrangement, hence no 
influence of the concentration upon the electromotive force of this system 
should appear according to the pore theory. This is never the case. 

This discrepancy may perhaps be explained by a filling of the pores on 
their first contact with a given KCl solution which stays in the pores and 
gives rise to diffusion potentials. 


i 
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If this explanation is correct, the electromotive force ought to depend 
on the concentration of the solution which was first applied, but experi- 
ments have shown that this is by no means the case. 

Another argument against the pore theory is found through observa- 
tions with mixed solutions. The potential of a binary mixture of two 
salts in solution is about near the middle value in the case of diffusion 
potentials, but in case of phaseboundary potentials it is not near the middle 
value, but almost equals the potential produced by the more penetrating 
of the two salts alone. This can be demonstrated by experiments and 
conforms to theoretical expectations. 

The potential differences at collodium films follow the rules established for 
phaseboundary potentials in this respect. It is difficult to see, therefore, how 
they can be diffusion potentials as claimed by Michaelis. 

A compromise between the two alternatives, viz., something between 
phaseboundary potential and diffusion potential is manifestly impossible. 


Metabolic rates of cat-fish treated with thyreotropic hormone. P. T. Buack 

(by invitation). McGill University, Montreal. 

Cat-fish 4 to 5 inches long, kept in 5 to 12 litres of aerated water for 24 
ours, showed markediy increased oxygen consumption and nitrogen and 
COQ, excretion. Injected fish placed in running water showed no increase 
in oxygen consumption. Normal fish placed in water in which injected 
fish had been kept for a period of 24 hours also showed increased metabolic 
rates. It appears that injected fish secrete or excrete a substance into 
water which stimulates metabolism. 


On addition of local excitatory processes. H. A. Buair (by invitation). 

School of Medicine and Dentistry, University of Rochester. 

Using three electrodes a,b and c, on the sciatic nerve of the frog the direct 
current rheobase may be determined with a and ¢ as anodes, with a alone 
as anode, or with ¢ alone as anode, b being cathode always. Three rheo- 
base voltages Rabc, Rab and Rbe are thus obtained. The quantities 
Rabc/Rab and Rabc/Rbc respectively are the ratios of the currents in each 
direction when both are flowing to when but one is flowing. These ratios 
are less than unity. Therefore in a particular direction less current is 
adequate when there is also a current in the other direction. By putting 
series of resistances in either branch each of the ratios can be given values 
ranging from nearly unity to nearly zero. If the components of each pair 
are plotted against each other the resulting points fall along the lines 
joining the coérdinates (1, 1) to the coérdinates (2/3, 2/3) approximately. 
According to a theory of excitation in which the local excitatory process is 
proportional to the current when the current has been flowing for rheo- 
basic time will Rabc/Rab equal the fraction Eab of the adequate excitatory 
process existing in the branch ab and will Rabc/Rbc equal the fraction Ebc 
of the adequate excitatory process existing in the branch bc? The data 
therefore conform to a relation, 


Eab + qEbec = 1 or Ebc + qEab = 1 


where g is a constant. The interpretation is that the seat of the impulse 
is at the greater of the local excitatory process but that a constant fraction 
of the lesser is added to the greater to make it adequate. 
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The importance of decreased cardiac work in the relief of angina pectoris by 
total ablation of the thyroid. Herrman L. BiumGart and Davin D. 
BERLIN (by invitation). Department of Medicine, Harvard Medical 
School, and the Research Laboratories of the Beth Israel Hospital, 
Boston. 

Over six hundred measurements of the velocity of blood flow through 
the lungs of man have shown that the speed of blood flow is an important 
gauge of the circulation and varies according to the metabolic rate. When 
the thyroid is overactive as in thyrotoxicosis, the basal metabolic rate is 
elevated and the speed of blood flow is correspondingly increased. In 
myxedema, the thyroid is relatively quiescent, the basal metabolic rate is 
reduced, and the speed of blood flow is slowed. This circulatory slowing 
in myxedema is accompanied by decreased cardiac output, a lower ventric- 
ular rate, and signifies a decreased amount of work. 

When the work of the heart is augmented as in exercise, there must be a 
rise in the coronary circulation. If, because of arteriosclerotic narrowing 
or other causes, the coronary circulation cannot increase in accord with the 
increased needs of the heart, relative anoxemia results and angina pectoris 
occurs. In over twenty patients with angina pectoris the entire thyroid 
gland has been removed and a state of hypothyroidism has been regularly 
produced. Since the heart after complete thyroidectomy performs less 
work and starts at a lower level of oxygen consumption, it can withstand a 
greater increment of work before reaching the upper limit of oxygen supply 
set by the relatively fixed coronary vessels. The striking relief afforded 
our patients by complete thyroidectomy is in accord with these considera- 
tions for the extent of relief has been related to the degree of decrease in 
the metabolic rate. Whether the decrease in cardiac work at a low meta- 
bolic rate is due to decreased velocity of blood flow or cardiac output, a 
lowered ventricular rate, a lowered blood pressure or to decreased sensitiv- 
ity to epinephrin has been investigated. Of these factors, the circulatory 
rate has shown the most striking change. 

Some patients have experienced temporary relief from angina pectoris 
immediately after operation while the metabolic rate was unchanged. 
This early transient relief is due to interruption of nerve impulses from the 
heart and plays little or no réle in the permanent improvement shown by 
our patients. 


The action of carbon monoxide on the respiration of normal and blocked 
embryonic cells (Orthoptera). J. H. Boptne and E. J. Bort (by invita- 
—- Zoological Laboratory, State University of Iowa. (Read by 
title. 

Two types of response to the action of carbon monoxide are noted in the 
respiration of the embryo of the grasshopper, Melanoplus differentialis. 

The respiratory rate of embryonic cells in a state of normally occurring 
physiological block or diapause is stimulated in a carbon monoxide-oxygen 
medium in which the oxygen tension is sufficient to sustain normal respira- 
tion. Increasing the concentration of CO and correspondingly decreasing 
the O, tension depresses the respiratory rate, but the degree of depression 
is, within the limits of error, of the same magnitude as that obtained in 
nitrogen-oxygen mixtures of similar concentrations. 

The oxygen consumption of physiologically active embryonic cells, on 
the other hand, is considerably depressed by CO/O, mixtures, the degree 
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of depression depending upon the concentration of CO. At sub-minimal 
oxygen tensions the depression is always much greater than in nitrogen- 
oxygen mixtures of similar oxygen concentrations. 

Attention is directed to the fact that recognition of the physiological 
state of the experimental material may serve to clarify the seemingly dis- 
crepant results reported in the literature relative to stimulation and de- 
pression of O. consumption by carbon monoxide. 


Liver glycogen changes in fed and fasted animals before and after abdominal 
denervation. R.C. Bopvo, F. W. CoTut (by invitation), A. E. BENAGLIA 
(by invitation) and M. M. FrrepMan (by invitation). The Depart- 
ments of Pharmacology and Experimental Surgery, University and 
Bellevue Hospital Medical College, New York City. 

The following experiments were carried out on dogs fed or fasted for 
seven days. After a subcutaneous injection of morphine sulphate (3 
mgm./kgm.) laparotomy was performed under local anesthesia, liver 
samples taken for glycogen determination and the abdominal opening 
sutured. The animals showed no signs of discomfort or pain during the 
operation, being usually asleep. During the subsequent five hours, at half 
hour intervals, dextrose solution was injected subcutaneously into the fed 
animals and saline solution into the fasted ones. The injection of mor- 
phine was repeated once or twice during the five hour period. Blood 
samples for sugar and lactic acid determinations were taken throughout 
the whole experiment half hourly. The final liver samples were taken 
either in local anesthesia or immediately after an intravenous injection 
of chloroform. 

The results were as follows: In the fed animals in spite of the dextrose 
injections there was a decrease in liver glycogen, a decrease in muscle 
glycogen, an increase in blood lactic acid and a hyperglycemia starting 
before the injection of dextrose. In the fasted animals though given only 
the saline injections there was an increase in liver glycogen, a decrease in 
muscle glycogen, an increase in blood lactic acid and hyperglycemia 
throughout the experiment. 

When previous to the experiment, under sterile conditions and in suc- 
cessive stages, the entire abdominal sympathetic chains were removed 
bilaterally, all the splanchnic nerves cut bilaterally and all the abdominal 
branches of both vagi severed, the results obtained in the actual experi- 
ment were entirely different and were as follows: 

Practically no change in blood sugar or blood lactic acid following the 
injection of morphine and the laparotomy, an increase in liver glycogen in 
the fed animals when dextrose was given and no increase in liver glycogen 
in the fasted animals when saline was given. 

When adrenalin was injected into denervated fed animals the same 
changes were brought about as were observed in the animals with intact 
sympathetic and vagus nerves. 


Natural dry digestive juices, their properties and use in laboratory and clinic. 
W. N. Boupyrerr (by invitation). The Battle Creek Sanitarium, 
Battie Creek, Michigan. 

Instead of drawing digestive ferments from dead organs and instead of 
using liquid juices, the author offers to prepare them in a dry state. Various 


| 
| 
| 
| 
| 
| 
| 
| 
| 


PROCEEDINGS 13 


juices (saliva, gastric juice, pancreatic juice, bile, intestinal juice, etc.) 
are gathered aseptically if possible, directly from the fistulae into sterile 
receptacles, cooled by CO,-ice. If they are not pure they are first filtered 
through a porcelain filter (Chamberland’s or other) with a low temperature 
(about 10°C. or lower). Filtration must be made as quickly as possible, 
and immediately after that the juice must be frozen. In hard frozen 
state it is transferred into the desiccator from which all air is pumped 
out with a powerful vacuum-pump. If necessary, two vacuums may be 
used, connected in a series to obtain a pressure near 0. Then, during 
several hours, the juice is drying, without melting. In this manner all 
ferments are saved without loss and apparently the properties of the juices 
undergo no changes. The author has tried out all juices mentioned. Dry 
juices are quickly dissolved in distilled water (in about 1 minute) (the 
gastric juice in 0.5 per cent HCl). Comparing the juices before and after 
drying, the author found the power of ferment action unchanged (the 
following were tested: invertin, pepsin, trypsin, amylopsin, pancreatic 
lipase). The dried juices must be kept hermetically sealed in glass vessels 
in a dark cool place. They keep practically for an indefinite time. Such 
juices do not require bulky breakable glass containers and can be easily 
sent by mail (small amounts may even be enclosed in ordinary letters) 
and may be used any time. 


The influence of infection with slight elevation of temperature on the nitrogen 
balance. Wattrrer M. Booruspy, Mitprep Apams (by invitation) and 
Jesse L. Bottman. Institute of Experimental Medicine and the Section 
of Clinical Metabolism, Mayo Foundation and Mayo Clinic, Rochester, 
Minnesota. 

In a balanced metabolism experiment the following determinations were 
made: 1. The food intake was made up and analyzed weekly for nitrogen, 
sulfur, phosphorus, calcium, magnesium, potassium and sodium. Its 
heat value was determined in a bomb calorimeter and it was also burned 
in a combustion tube in such a manner that its respiratory quotient was 
determined. 2. The urine was analyzed for all the nitrogenous constit- 
uents and also for the inorganic. 3. The feces (including hair and cage 
washings) were analyzed for nitrogen, sulfur, phosphorus, calcium and 
magnesium. 4. The heat production and respiratory quotient under 
basal conditions, working on a treadmill and for the total twenty-four 
hours, were determined for a period of nine weeks on a female dog weighing 
about 15 kgm. 

During the course of the experiment the dog spontaneously became ill 
with elevation of temperature—found at autopsy to be due to a severe 
endometritis and salpingitis. When the illness began the dog was gaining 
weight and was in positive nitrogen balance. The daily temperature 
had been around 99.8°F (rectal). Vaginal discharge developed and tem- 
perature rose to 100.3°F and remained there for three weeks before in- 
creasing to over 103°. 

The most interesting and important observation was that a chronic 
infection with average elevation of temperature of 0.5°F. changed an aver- 
age daily positive nitrogen balance of 0.4 gram with gain in weight to an 
average negative nitrogen balance of 1.3 grams with loss in weight while 
the dog still continued to eat all her food. After three weeks, when the 
temperature rose to over 103°, she stopped eating and, of course, the 
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negative nitrogen balance and loss in weight became much larger as always 
occurs in fasting. The basal heat production and respiratory quotient 
were unchanged until the temperature increased to 103°. At this time, 
the basal heat, production increased, roughly corresponding to Van’t 
Hoff’s law; the total daily heat production decreased due to less movement 
in the respiration chamber. 


Reversible and non-reversible freezing block in frog nerve. T. E. Boyp and 
I. F. Hummon, Jr. (by invitation). Department of Physiology and 
Pharmacology, Loyola University School of Medicine, Chicago. 
(Demonstration.) 

Local cooling is produced by allowing either a cold salt solution or ex- 
panding CO, gas to pass through a metal tube across which the nerve lies. 
The nerve may be supercooled by protecting it against contact with water 
of condensation. A Ringer-soaked nerve conducts until ice forms, but 
after blocking at low temperatures (—5.0 to —10°C.) it usually fails to 
recover on being warmed. Conduction may return if the nerve is soaked 
for a time in Ringer’s solution. 

Supercooling may be minimized by allowing water to condense on ad- 
jacent surfaces in contact with the nerve. When the temperature is just 
below 0°C., freezing of the water film is started either by applying a small 
piece of ice or by arranging such a temperature gradient that crystallization 
begins spontaneously at a distance. When freezing spreads to the nerve 
it becomes blocked. The cooling need not be lower than —1.0 or —1.5°C., 
and recovery on warming is immediate. 


The variation of electrical resistance of muscle during contraction. E. 

Bozier. Johnson Foundation, University of Pennsylvania. 

The resistance to alternating current (1000 to 10,000 cycles) of frog’s 
sartorius muscle and the tension developed were recorded simultaneously. 
The current passed through the muscie vertically and its variation due to 
resistance changes was recorded by a string galvanometer after amplifica- 
tion and rectification. The sources of error due to movement of the muscle 
during contraction were studied. It has been found that they can be 
avoided by using small electrodes and holding firm the region of the 
muscle surrounding them by gentle pressure. The resistance increases 
during the contraction 5 to 10 per cent in a maximal twitch. The resist- 
ance change follows quite closely the change in tension. It has, however, 
a slow phase which persists for several seconds and which becomes much 
larger after some contractions, even though the tension record is still 
unchanged. In a tetanic contraction the resistance change is summated 
as is the tension. 


Reflex closure of the glottis by stimulation of afferent (visceral) nerves. 
NaTHAN Brewer (by invitation), D. 8S. Bryant (by invitation), and 
A. B. LuckHarpr. Physiological Laboratory of the University of 
Chicago. 

In 40 dogs under either barbital, ether, or paraldehyde anesthesia, ob- 
servations were made on the vocal cords from the oral side and by opening 
the trachea just below the thyroid cartilage and viewing the cords from 
below. Records of the variations,in the laryngeal size were made by 
means of a balloon placed between|the vocal cords and connected with a 
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: water manometer. Action currents were obtained from one of the recur- 
rent nerves (in a few experiments), during light visceral traction and dur- 
ing stimulation of the left splanchnic nerve. 

It was found that traction on the abdominal viscera produced a cessation 
of respiration and a marked contraction of the vocal cords (adductors). 
Stimulation of the central end of the left splanchnic produced the same 
result, but of a stronger degree. 

When respiratory movements did break through, the tone of the vocal 
cords, as judged by the relatively feeble abductions on inspiration as well 
as the degree of adduction on expiration, was increased. ‘This was sub- 
stantiated by action potential records. 

A partial or complete adductor spasm may often occur during abdominal 
operations leading to interference with ready gaseous exchange in the lungs 
(asphyxiation). 


Further studies on reproduction and cortico-adrenal function. S.W. Brirron 
and R. Kune (by invitation). Physiological Laboratory of the Uni- 
versity of Virginia Medical School. (Read by title.) 

In an experimental group of 64 normal female and 16 adrenalectomized 
male rats, 35 animals became pregnant in a ten-week observation period 
and gave birth to normal litters. ‘The males which survived the operation 
and retained potency were in every case found to possess accessory adrenal 
tissue. In a control group of unoperated animals there were 44 preg- 
nancies during the same period. The fertility in the experimental group 
was approximately 20 per cent lower than in the controls. 

Adrenalectomized females mated with normal males became pregnant 
in less than 10 per cent of 64 cases observed. Accessory adrenals were 
found in all the fertile cases at autopsy. 

Pregnant rats at different stages of gestation which were subjected to 
adrenalectomy invariably aborted or resorbed their young, and usually 
died within two weeks of operation. Pregnancy and parturition were 
observed to follow a normal course, however, in the case of adrenalecto- 
mized animals which were given daily injections of cortico-adrenal extract. 
The importance of cortico-adrenal relationships to pregnancy, parturition 
and lactation is further apparent in experiments in progress. 


The discharge of sympathetic impulses from the siellate ganglion and its 
relation to cardiac refleres. D. W. Bronk, L. K. FerGcuson (by in- 
vitation), and D. Y. SoLanpr (by invitation). The Johnson Founda- 
tion, University of Pennsylvania. 

Efferent impulses in sympathetic nerves running to the heart from the 
stellate ganglia have been recorded by means of an amplifier and oscillo- 
graph. Generally there is a continuous discharge of impulses which are 
grouped into irregular and random waves of considerable magnitude. It 
has been found that these waves are fairly synchronous in the nerves from 
both the right and left ganglia thereby indicating that the grouping of im- 
pulses is of central origin. 

Under certain conditions the impulses group into waves which are syn- 
chronous with the pulse. This relationship immediately disappears if 
the carotid sinus and aortic nerves are cut. There may also be a marked 
respiratory rhythm with inhibition of impulses during inspiration. Such 
a rhythm is abolished by section of the vagi. The sympathetic discharge 


16 AMERICAN PHYSIOLOGICAL SOCIETY 


is therefore under a very definite reflex control. Distention of one carotid 
sinus, for instance, inhibits the discharge from either the right or left 
ganglion. The degree and duration of this inhibition is a function of the 
level of pressure within the sinus. Simultaneous distention of both sinuses 
results in sympathetic inhibition for a period equal to the sum of the periods 
resulting from the distention of each sinus alone. Such inhibition is 
considerably lengthened by previous section of the aortic nerves. 


The pressure-tension-temperature relation in cardiac muscle. DuGaup E. 8. 
Brown. Physiology Department, New York University and Bellevue 
Hospital Medical College. 

When the auricular muscle of the turtle is subjected to a constant hydro- 
static pressure at, for example, 210 atmospheres, the tension developed 
in the isometric twitch is found to vary as a linear function of the tem- 
perature over the temperature range from 2°C. to 20°C. Over this tem- 
perature range the tension-temperature coefficient: that is, the unit in- 
crease in tension per degree temperature, increases at pressures as high as 
400 atmospheres. If the muscle is subjected to a series of pressures from 
68 to 400 atmospheres at temperatures of 0°, 5°, 10°, 15°, and 20°C., the 
tension is found to increase as a function of pressure above 10°. At tem- 
peratures from 5° to 8°, the tension is practically unchanged; whereas, at 
temperatures below 5°C., the tension decreases as a function of pres- 
sure. The pressure-tension coefficient; that is, the unit change in tension 
per atmosphere of pressure, is zero at from 5° to 8°; at temperatures above 
10° the value is positive and increases with the temperature up to 20°; 
while below 5° the value is negative and increases as the temperature de- 
creases. By a suitable treatment, a simplified expression of the pressure- 
tension-temperature relation is obtuined. In their more general aspect, 
the results are in agreement with the earlier studies on the turtle ventricle, 
carried out by Edwards and Cattell. 


Respiratory metabolism of infrahuman primates. M. J. Bruun (by 
invitation). Laboratory of Physiology, Yale University. 

The respiratory metabolism of 17 infrahuman primates: monkey, 
baboon, gibbon, orang outan and chimpanzee was studied by means of a 
respiratory chamber ventilated by the Benedict Universal Respiration 
Apparatus. Each animal was 18 hours post absorptive when used in an 
experiment. To obtain minimum activity experiments were performed 
at night when animals would normally be asleep. The surface area of the 
monkey and the baboon was estimated by means of the Meeh formula 
S = kK X W?**in which K = 11.7. The surface area of the anthropoid 
apes was actually measured by the original method of DuBois and DuBois. 

It was found that when measured at an environmental temperature of 
23°C. the adolescent rhesus and the immature mangabey monkeys gave a 
metabolic rate of approximately 650 calories per square meter of body 
surface in 24 hours. The baboons which were adolescent gave a higher 
rate of 748 calories, and the immature gibbon the low rate of 613 calories. 
The orang outan and the chimpanzee, all of which were adolescent, aver- 
aged 788 and 779 calories respectively per day. 

Mangabey and rhesus monkeys from which the frontal cortex had been 
removed either unilaterally or bilaterally showed little or no change in the 
metabolic rate. One rhesus monkey which had increased rapidly in 
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weight following a hypothalamic lesion gave an average metabolic rate of 
574 calories. Two rhesus monkeys from which the ovaries had been 
removed averaged 584 calories per day. 

Before it is possible to interpret the results of the experiments on operated 
animals the effect of age, environmental temperature, seasonal changes, 
and sex upon the metabolic rate of the normal animal will have to be 
determined. 


A mechanical device which produces a uniform dispersion of leucocytes in 
the diluting papilli and increases the accuracy of the leucocyte count. W. 
Ray Bryan (by invitation). Medical School, Vanderbilt University. 
(Demonstration. ) 

Demonstration made with explanatory charts. 


The use of hypertonic sucrose solution to reduce cerebrospinal fluid pressure 
without a secondary rise. L. T. BuLLock (by invitation), R. Kinney 
(by invitation) and M. I. Grecersen. Laboratories of Physiology 
in the Harvard Medical School. 

Both clinical and experimental evidence proves that the use of hyper- 
tonic sodium chloride and glucose solutions for reduction of cerebrospinal 
fluid pressure is followed by an undesirable secondary rise in the pressure. 
We have attempted to overcome this undesirable effect by using sucrose. 
When injected intravenously, this substance is non-toxic, has a high osmotic 
pressure and is quantitatively excreted by the kidney together with a con- 
siderable volume of body water (Keith). 

In experiments performed on dogs under sodium amytal anesthesia, 
cerebrospinal fluid pressures were taken in the cisterna magna for 10 to 13 
hours. Continuous blood-pressure records were obtained from the femoral 
artery; urine volume, respiration, heart rate and rectal temperature were 
noted every 15 minutes. A 50 per cent sterile sucrose solution was in- 
jected intravenously at 5 cc. per minute in doses of 3 to 8 grams per kilo 
body weight. 

Control experiments without sucrose injection all showed a slow, steady 
rise of cerebrospinal fluid pressure during the period of observation. There 
was also a moderate increase in the number of white cells in the spinal 
fluid. This increase was not produced by sodium amytal alone. 

In experiments with sucrose the normal, control pressure was observed 
for 1 hour or more prior to the injection. The maximum reduction of 
cerebrospinal fluid pressure occurred within an hour after injection began. 
The extent of the reduction (50 to 150 mm. of Ringer’s solution) was 
dependent upon the amount of sucrose given and upon the height of the 
initial pressure. Seemingly, the effect was greater with higher initial 
pressures. The fall of cerebrospinal fluid pressure was followed during 
5 to 7 hours by a gradual rise, occasionally to normal but more frequently 
to a subnormal plateau. Although the pressure was often observed for 12 
hours after injection, there was no indication of the beginning of a sec- 
ondary rise except in 3 experiments. In these, the terminal rise could be 
ascribed to definite causes other than sucrose. 

Injection was followed by a period of active diuresis lasting 3 hours, 
during which most of the sucrose was eliminated together with a volume of 
urine 4 times the volume of fluid injected. With doses of 6 grams per kilo, 
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the body fluid lost through the kidney was 4 to 5 per cent of the total 
body weight. 

The absence of a secondary rise of cerebrospinal fluid pressure after 
sucrose may be explained by the excretion of the agents necessary to 
produce it, namely, the injected substance (sucrose) and free water. 

Experiments with sodium chloride and glucose under the same conditions 
confirmed the experience of other investigators that both substances, more 
especially sodium chloride, produce a terminal rise of pressure which far 
exceeds the original level. 


The effect of hexoses on the metabolism of alcohol in man. THORNE M. 
CARPENTER, Marion Burperr (by invitation) and Rospert C. LEE 
(by invitation). Nutrition Laboratory of the Carnegie Institution of 
Washington, Boston, Mass. 

The respiratory exchange and the alcohol in the expired air of a human 
subject were measured in 15-minute periods for at least three hours after 
the ingestion of alcohol alone and after aleohol with an iso-molecular 
quantity of glucose, fructose, or galactose. Alcohol disappeared from the 
expired air most rapidly when it was ingested with either glucose or fructose, 
more slowly when alcohol alone was given, and most slowly when it was 
ingested with galactose. The depression of the R.Q. after the ingestion of 
alcohol with sugars was nearly the same for the first two hours as it was 
when alcohol alone was given and in the third hour the R.Q. tended to 
return to the same level as the R.Q. did when the sugars alone were given. 
When repeated doses of glucose or of fructose were given at hourly intervals 
and alcohol was taken at the beginning of the third hour, there was a marked 
depression for two hours in the R.Q. from the high level that was obtained 
when the sugars alone were given in the same manner, with a return to 
nearly the same high level in the latter part of the third hour after ingestion 
of alcohol that was found when the sugars were given alone in repeated 
doses. The simultaneous ingestion of either glucose or fructose accelerated 
the metabolism of alcohol and the metabolism of the sugars and of alcohol 
took place simultaneously, as was shown by the return of the R.Q. to the 
same levels after the alcohol had nearly disappeared from the expired air 
that were.obtained with the R.Q. after the ingestion of the sugars without 
alcohol. 


Changes in the efficiency of muscular contraction under pressure. McCKEEN 
CaTrELL. The Department of Physiology, Cornell University Medical 
College, New York City. 

The relationship between the tension and initial heat in the single twitch 
of muscles contracting under various degrees of hydrostatic pressure has 
been studied. Double sartorius preparations from the frog were mounted 
on a thermopile and tension lever system and completely immersed in 
paraffin oil, through which the pressure was applied. The observations 
were made at temperatures between 6° and 8°C. Pressures up to about 
2000 pounds per square inch result in an increase in the tension of the 
twitch averaging about 30 per cent accompanied by a corresponding in- 
crease in the heat production. As the pressure is raised further the heat 
increases faster and reaches its maximum value at a higher pressure than 
the tension, following which both the heat and tension values fall and 
finally give values smaller than the controls taken at atmospheric pressure. 
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Since the heat values are always better maintained than the tension, it is 
possible in every preparation to select a pressure which causes a depression 
in the tension and at the same time augments the heat production, thus 
giving a reduction in the T/H ratio, which averaged about 25 per cent. 
As the pressure reaches a value of about 5000 pounds there is a sharp reduc- 
tion in both tension and heat without further change in efficiency. These 
effects are completely reversible. The sequence of changes described above 
is obtainable in all preparations, but the pressures at which they occur are 
subject to wide variation depending upon the condition of the muscle, the 
temperature, and other factors. These results indicate a primary stimula- 
tion of the energy yielding processes, followed at higher pressures by 
depression. At intermediate grades of pressure the drop in efficiency sug- 
gests some interference with the mechanism concerned in the development 
of elastic potential such as would be imposed by an increase in viscosity. 


The action of intense sonic vibration on pepsin and trypsin. LeEsuie A. 
CHAMBERS (by invitation). Johnson Foundation, University of Penn- 
sylvania. 

The influence of 9000 cycle vibrations, produced by the Gaines magneto 
striction oscillator, on various types of pepsin and trypsin extracts and 
concentrates was studied. Samples were exposed to vibration for varying 
time periods up to 30 minutes. In all cases there was a rapid decrease in 
proteolytic activity of the enzymes. Inactivation of pepsin is interpreted 
as thermal denaturation. The inactivated trypsin was found to differ from 
heat denatured material in that the inactivation was irreversible. 

Some types of both pepsin and trypsin preparations showed an initial 
increase in activity reaching a peak value after about 2 minutes of vibration. 
The degree of activation varied from one type of extract or concentrate to 
another. Activity as measured by digestive power rose from 25 per cent 
to 250 per cent over unvibrated samples. No increased activity was found 
in the case of Northrup’s crystalline pepsin preparation. 

The activation of enzyme preparations by vibration is probably due 
to the dispersion of molecular aggregates resulting in increased specific 
surface. Such dispersive action of sound has been established. Enzyme 
preparations prepared by different means apparently show different degrees 
of molecular association. 

Glycerol was found to protect pepsin against both activation and in- 
activation by vibration. The degree of protection is a function of the 
glycerol concentration, and, probably more directly, of the viscosity of 
the solvent mixture. 


Inhibition of secretory activity of kidney tubules in tissue culture. R. CHam- 
BERS, M. BELKIN (by invitation) and L. V. Breck (by invitation). New 
York University. 

Isolated proximal tubules of the chick mesonephros survive and function 
in tissue culture. The test for function is the passage of phenol red from 
4 ae medium and its accumulation in the lumina of the blind 
tubules. 

Preparations were exposed to various reagents in Tyrode with pH main- 
tained between 7.4 and 7.6, and effects noted on the uptake of phenol red. 
The following results were secured: 1. HCN and H,S, in M/5000 to 
M/1000 concentrations, completely and reversibly inhibited accumulation 
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of phenol red. 2. Ethyl urethane, in 1.5 per cent and lower concentra- 
tions, and phenyl urethane in } saturated and lower concentrations, caused 
decided increase in rate of phenol red accumulation over that of the con- 
trols. With higher concentrations (6 per cent ethyl urethane, saturated 
phenyl urethane) inhibition occurred, which in some cases was reversible. 
3. Iodoacetate, in concentrations between M/5000 and M/1000, markedly 
inhibited phenol red accumulation. This effect was reversible, provided 
the preparation had not been exposed too long (less than 30 minutes). 
The presence of lactate, in molar concentration 10 times that of the iodo- 
acetate, decreased the inhibition by iodoacetate. This neutralizing effect 
was most marked when the preparations had been immersed in lactate- 
Tyrode for some time (about 30 min.) before immersion in iodoacetate- 
lactate-T yrode. 

These results suggest that the reactions from which energy is derived 
for phenol red secretion are chiefly those concerned in oxygen activation 
processes, and that lactic acid formation is probably involved. 


A comparative study of hemolysis of red blood corpuscles of normal and 
thyroid-fed dogs. STEPHEN CHANG (by invitation). University of 
Chicago. 

Samples of blood were drawn from the superficial leg vein of eight dogs 
once a day for six days, after which period the animals were fed one gram 
of desiccated thyroid per kilogram of body weight for six days. Beginning 
from the sixth day of thyroid-feeding, a sample of blood was drawn from 
each dog every day for another six-day period while the animals still re- 
ceived the thyroid. Another sample was drawn from each dog after ten 
days had been allowed for recovery. 

For determining the percentage of hemolysis a series of six hypotonic 
sodium chloride solutions was used, varying by 2 millimols in concen- 
tration, from 58 to 68 millimols. The solutions were made at a pH of 
7.4 by using secondary sodium phosphate and the work was performed 
with the solutions at a temperature of 30°C. 

The number of grams of hemoglobin in each solution was determined 
with a Newcomber hemoglobinometer. The numbers of hemoglobin 
liberated by the red corpuscles in the salt solutions were compared with 
the total hemoglobin of the blood to determine the percentage of hemolysis. 

The resu!‘s of this experiment shows that the solutions used have a 
greater hemolysing effect (10 per cent to 20 per cent) on the red corpuscles 
during the period of thyroid feeding. 


Increased effectiveness of insulin when given day and night to diabetic patients 
by injections of equal unitage at intervals of 2 to 4 hours. B. B. CLuark 
(by invitation), R. B. Grsson, and R. G. Snyper (by invitation). 
Pathological Chemistry Laboratory, The State University of Iowa, 
Iowa City, Iowa. 

Insulin was administered to a group of 11 non-complicated diabetic 
patients in 1929 in equal unitage injections day and night irrespective of 
meals. It was found that the insulin requirement was diminished so that 
a half to two-thirds of the previous dosage sufficed to keep the patients’ 
urine sugar free and the blood sugar at a reasonable figure. Night hypo- 
glycemic reactions were avoided by omitting one injection, usually at 
midnight. Up to the present a total of 146 cases have been so treated, 74 
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of which were uncomplicated severe diabetics, and 72 with complications 
usually surgical. The procedure has been of great value in managing 
very severe uncomplicated diabetics, in treating diabetics with acute in- 
fections, and in handling post-operative cases. 

Blood sugar values are somewhat high after breakfast, lower after the 
noon meal and supper, and quite low during the night hours. Thus a 
patient on a Woodyatt type diet and receiving 7 units of insulin every 
3 hours including midnight had the following blood sugars: 9 a.m. 183 
mgm., 2 p.m. 107 mgm., 7 p.m. 131 mgm., 12 p.m. 37 mgm., 7 a.m. 44 
mgm., and 9 a.m. 167 mgm. (meals at 7 a.m., 12 noon, and 5 p.m.), withont 
any hypoglycemic symptoms. Patients are more likely to have hypo- 
glycemic reactions during the daytime or early evening in spite of low 
blood sugars obtaining at night and the reactions are usually not severe. 

As the patient’s tolerance improves, the insulin dosage must be reduced. 
However, when insulin given in two or three injections a day is resumed, 
uncomplicated cases require either the same or, more often, more insulin. 
Post-operative cases showing rapid improvement as the result of operation 
require either the same number of units or less when taken off of divided 
dosage. 

The data suggest a rather constant and continuous secretion of insulin 
on the part of the islet cells of the pancreas. 


Oxidizing enzymes from brain. M. B. CouEn (by invitation) and R. W. 
GerARD. Department of Physiology, University of Chicago. (Read 
by title.) 

Brain cells, because of their high enzyme content and easy formation 
of homogeneous sols, offer excellent material for the study of enzyme 
activity. An extract, prepared by cytolyzing rabbit brain with distilled 
water and centrifuging, possesses the properties of a colloidal sol, is cell- 
free and contains little débris. 

It has the following properties: 1. A small residual respiration—de- 
stroyed by heating, lost in weeks at 5°C., inhibited by neutral red—which 
falls off to zero in 4 to 5 hours at 37°. The emm. O, consumed per milli- 
gram dry weight per hour average 0.5 for the first 4 hours (compare with 
5 for brain slices). 2. Filtration through porcelain decreases respiration 
by about 3 but does not materially affect its other properties. 3. The 
R.Q. of the residual respiration is 0.5. 4. pH variation from 7.2 to 8.0 
has little effect. 5. The residue from the original centrifugation, when 
washed and added to extract or filtered extract, increases its respiration 
20 per cent above the sum of the two respirations, the synergic effect being 
abolished by heating either extract or residue. 

6. The extract readily dehydrogenates (respiration increased 20 times) 
succinate, paraphenylenediamine, methyl glyoxal, glycerophosphate 
slightly, but not glucose, fructose, lactate or pyruvate; oleate and citrate in- 
hibit the respiration 30 to 50 per cent. These dehydrogenations proceed 
even after residual respiration stops. 7. Cyanide inhibits oxidation of 
succinate, paraphenylenediamine and methyl glyoxal by the extract; the 
inhibition of succinate, but not paraphenylenediamine, is partially re- 
moved (3-3) by methylene blue. (Cyanide reacts with p-phenylene- 
diamine.) 8. Cyanide increases the respiration of the extract itself, up 
to 100 per cent. 


1 Aided in part by a grant from the Otho S. A. Sprague Memorial Foundation. 
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9. A protein-lipoid fraction can be prepared from the extract by iso- 
electric precipitation at pH 4.6 which, after washing and resolution, still 
respires }—} as much as the original extract. This preparation (developed 
by Dr. D. R. Briggs) can oxidize succinate and p-phenylenediamine almost 


as rapidly as the original extract. Analysis of these enzyme systems is 
being continued. 


The action of iodoacetate and glutathione on nerve and muscle.1 R. A. COHEN 
(by invitation), R. W. Gerarp and N. Tuprtkow (by invitation). 
Department of Physiology of the University of Chicago. 

Others’ findings suggest that iodoacetate (J) acts by destroying the 
catalytically important glutathione (G) of cells. This is but partially 
true for frog nerve and muscle since G does not fully antagonize J; further, 
G-has a toxic action. 

M/1000 J and M/500 G were usually used; stronger and weaker solutions 
act similarly. Mixed in vitro, both substances become inactive, but not 
within 2 days. J cuts nerve respiration to one-fifth in 10 hours, G to 
about half, the mixture to three-fifths; G added 30 minutes after J is barely 
effective in reversing any I action. G prevents the phosphocreatin break- 
down induced by J (3 hours); but not that of pyrophosphate. J reduces 
action potentials a third in 2 hours, G blocks in 20 minutes (not in a 
later series); J replacing G restores potentials one-third; a fresh mixture, 
even with excess J, always blocks. 

I cuts muscle respiration to one-tenth in 6 hours; G depresses to half 
after an early increase. Added G largely prevents the J respiration de- 
crease. J destroys two-thirds to three-fourths of the pyrophosphate and 
phosphocreatin (3 hours); G largely prevents this. Resting in J, an 
isolated sartorius shows marked rigor at three hours; in J and G it remains 
relaxed. Stimulated every ten seconds during alternate minutes, rigor 
begins in the J muscle in 10 minutes, in the J and G one in 15. In both, 
the shortening, after forty to sixty minutes, equals that of the normal 
twitch. Twitch height starts falling in J in 15 minutes and is zero in 26; 
with G present, in 16 and 31 minutes respectively. G alone has no effect 
(contrast nerve). Injected into a lymph sac of the intact frog, G does not 
influence muscle length or chemistry. J causes marked rigor, with par- 
allel loss of pyrophosphate, in an hour; G with J, even in separate sacs, 
markedly retards chemical changes and rigor. 

These results indicate that, beside specific actions on nerve and muscle, 
iodoacetate slowly destroys cell mechanisms independent of, as well as 
related to, glutathione. 


The loss of sensitivity to gonadotropic hormones. J. B. Couuir, H. SELYE 
(by invitation) and D. L. Tuomson. McGill University, Montreal. 
Rats treated for a long period with the anterior-pituitary-like hormone 

(A.P.L.) of pregnancy urine lose their sensitivity to this substance. 

Their ovaries may even show signs of severe atrophy. The ovaries of 

such rats will still respond with rapid increase in size to the injection of 

gonadotropic extracts of pituitary origin. Similarly, rats which have lost 
their sensitivity to the gonad-stimulating principle ot the hypophysis 

will still respond to A.P.L. 


! Aided by grants from the National Research Council and the Ella Sachs Plotz 
Foundation. 
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The relationship of contracture of skeletal muscle to serum calcium in cats.! 
HELEN C. Coomss and DoNaLp 8. SEARLE (by invitation). De- 
partment of Physiology and Physiological Chemistry, New York Home- 
opathic Medical College, New York. 

The effects of calcium deficiency on the nervous system have been ex- 
tensively investigated. In these experiments, the object was to determine 
what changes, if any, take place in denervated skeletal muscle in response 
to electrical excitation, under conditions of known calcium deficiency. 

Four groups of cats were studied. These were 

1. Controls (10 cats). 

2. Controls after continued bromide feeding (10 cats). 

3. Untreated cats after thyroparathyroidectomy (10 cats), or para- 
thyroidectomy (5 cats). 

4. Bromide treated cats after thyroparathyroidectomy (10 cats). 

The bromide treated cats were fed for from ten days to two weeks before 
operation or experiment with one gram of sodium bromide daily. Aseptic 
removal of the thyroparathyroids or parathyroids only was done with the 
electric knife forty-eight hours before the acute experiment. lonized 
calcium and inorganic phosphorus of the blood serum were determined at 
the beginning of each experiment. 

Following the administration of urethane, curare was injected and arti- 
ficial respiration maintained. The rectus abdominis muscle was freed 
to the lower border of the ribs, leaving the circulation intact, and the upper 
end was attached to a lever recording only in the vertical. Uniform stimu- 
lation at the rate of once a second was done with a weak induced current. 

Results. 1. The controls uniformly presented the ordinary typical 
features of treppe, contracture and fatigue. The curves were not altered 
by intravenous injection of calcium gluconate. 

2. Bromide controls presented the same features as normal controls. 

3. Thyroparathyroidectomized and parathyroidectomized cats exhibited 
exaggerated contracture, which was greater, the greater the fall in calcium. 
On intravenous injection of calcium gluconate followed by a wait of half 
an hour, a fresh dissection on the opposite side, under stimulation, showed 
only the degree of contracture observed in control cats. + 

4. In thyroparathyroidectomized cats after bromide feeding, tetany 
usually does not appear. Such animals, however, show almost the same 
exaggerated contracture as the animals in group 3. 

The following table gives the averages for the different groups. 


AMOUNT OF 
CONTRACTURE 


AVERAGE 


> 
Ca/P Ratio 


lages, per 100 cc 
serum 


| 
Controls plus bromide...................... .| > 10.5 2.0 
Uncomplicated thyroparathyroidectomy .. . .| 5.4 0.9 
Bromide plus thyroparathyroidectomy ...... | = 7.8 5 


So far as the extent of these experiments goes, the results in cats after 
thyroparathyroidectomy and parathyroidectomy appear to be identical, 


1 The cost of these investigations was defrayed by a grant from the Committee on 
Scientific Research of the American Medical Association. 
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since in both cases, the magnitude of the calcium fall is in close correlation 
with the increased degree of contracture. Further evidence is needed, 
however, on the activities of other ions which are important in muscular 
reactions. 


Effects of cautery of the brain on the fetal rat. FE. L. Corry. Physiological 

Laboratory, University of Virginia Medical School. 

Living fetuses recovered from the uterus 1, 3, 4, 5 and 6 days following 
electro-cautery in the region of the hemispheres, or those born alive or dead 
following such procedure, exhibited certain gross bodily abnormalities. 
There was commonly a flattened cranial vault, a malplacement of eyes and 
ears, an enlarged and protruding tongue, a thickened body outline with 
notably heavy neck and jaw, and a fore-shortened nasal and maxillary 
region. Little or no repair of the injured area was observed, although the 
general vascularity appeared unimpaired. Spontaneous movements and 
those elicited on tactile stimulation, e.g., by bristle or needle, showed fur- 
thermore no qualitative differences distinguishing them from those seen in 
litter-controls, although they appeared weaker and more sluggish. Stimuli 
normally initiating fetal movements do not therefore appear to originate 
within the cortex. It is suggested that the fetal cortex may nevertheless 
be necessary for quantitatively normal movement. 

Of 70 operated fetuses, 47 survived until term or were recovered alive 
from the uterus at some time during gestation; the remainder were either 
aborted (1) or resorbed. Nine of those surviving until term were born 
alive and 1 dead; 6 were eaten (alive?) by the mother at birth, and 11 died 
in utero at term. None of the operated animals born alive survived over 
24 hours. From these observations it is apparent that the decorticate or 
decerebrate rat fetus can survive until term, regardless of the stage of 
development (16 to 37 mm.) at which the operation of cerebral ablation is 
performed. It is also suggested that the early death of those fetuses which 
were born alive may be attributed to factors which are pre-natal in origin. 
This is indicated by the high mortality which occurred just before birth. 
When body weight was taken as a criterion, no retardation of fetal growth 
following cautery ef the brain could be definitely demonstrated. To date a 
total of 95 experimental fetuses from 28 litters have been employed in 
these and: various control experiments. 


Studies of vitamin G (Be) deficiency in dogs: preliminary communication. 
GrorGE R. H. M. ZimMerRMAN and Burack (by invi- 
tation). Departments of Physiological Chemistry and Pathology, Yale 
University. 

Two groups of dogs, eight and twelve in each group respectively, were 
fed ‘artificial’ diets deficient only in vitamins G (B.) and C (which the 
dog does not require in its diet). Food intake was maintained perfectly 
for 30-60 days after which a partial anorexia occurred resulting in varying 
degrees of general inanition. Eventually a state of collapse supervened. 
When intramuscular injection of a source of vitamin G (B,) (Lilly Liver 
extract no. 343) was not delayed too long, striking recoveries were brought 
about within six hours. Subsequent administrations of subminimal doses 
in an endeavor to produce a state of chronic vitamin deficiency were par- 
tially successful, dogs being kept alive in this way for about a month after 
the onset of the initial collapse. The total periods of the experiments 


| 
| 
| 
| 
| 
] 
| 
1 
| 
a 
| 


PROCEEDINGS 25 


ranged from five to seven months. Considerable loss of hair, vomiting, 
and diarrhea were of frequent but not invariable occurrence. The phe- 
nomena described as “‘black tongue”’ were not observed, although control 
animals fed the Goldberger diet no. 195 readily exhibited them. 

The anatomic changes induced in our vitamin G (B,) deficient animals 
may be summarized as involving primarily: marked demyelination of pe- 
ripheral nerves, including the vagus, and degenerative changes in the pos- 
terior columns, the posterior nerve roots, and less often, the anterior roots 
of the spinal cord. These lesions occurred only in animals subsisting on 
the diet for at least five months. Six control dogs failed to show such 
lesions. 

These changes in the central nervous system correspond to those fre- 
quently described in human pellagra. This finding suggests that vitamin 
G (B,) deficiency is a factor contributing to the production of the syndrome 
of pellagra. Inasmuch as not a single animal developed ‘“‘black tongue,”’ 
lack of vitamin G (B,) does not appear to be the primary cause of the 
stomatitis and glossitis characteristic of this canine disease. 


Dextrose utilization in animals with Eck fistulae. LaTHan A. CRANDALL, 
Jr., JOHN VANDOLAH (by invitation) and Freprerick Firz (by invita- 
tion). Department of Physiology and Pharmacology, Northwestern 
University Medical School. 

In corroboration of a number of previous investigators, we have found 
that normal and Eck fistula dogs show similar blood sugar changes after 
the administration of dextrose by mouth. Oral sugar tolerance methods 
are too crude to demonstrate any change in tolerance. However, when 
dextrose is given intravenously at a constant rate for one hour, utilization 
by normal dogs varies between 1.8 and 1.9 gram per kilo while Eck fistula 
dogs use from 2.0 to 2.4. The results on our 10 normals coincide with 
those found by Cuthbert (unpublished) in more than 40 normal dogs; we 
have made 25 determinations in 14 Eck fistulae animals. The values for 
blood sugar during and after injection are comparable in normal and Eck 
fistulae dogs, showing that the increase in tolerance is not to be explained 
by a higher renal threshold. 

The effect of 5 and 10 grams per kilo dextrose on metabolic rate and R.Q. 
were studied in 3 ducks after ligation of the portal vein. Preliminary 
results indicate that while it requires 10 grams of dextrose per kilo in the 
normal animal to bring the R.Q. above 1.0, 5 grams will suffice after portal 
ligation. In normal ducks the highest R.Q. after 5 grams per kilo was 
0.95; in those with portal ligation the same amount usually caused a rise 
above 1.0, the highest value being 1.4. 

Although the increase in dextrose tolerance exhibited by the Eck fistula 
dogs is slight, we believe that it is significant, since the values are higher 
than those obtained on any normal animals. The increase in catbohydrate 
tolerance sometimes poted in diabetes coincidentally with the onset of 
liver disease also suggests that liver dysfunction may be associated with an 
increased ability to utilize sugar. The results obtained readily explain the 
discouraging results which have attended the clinical application of liver 
function tests based on dextrose tolerance. 


The effect of vitamin A deficiency on the salivary conditioned reflex induced by 
morphine. GrorRGE CrisLeR. The Department of Physiology, West 
Virginia University, Morgantown, West Virginia. 
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Salivary fistulae were prepared in dogs by exteriorizing the papilla of 
Wharton’s duct. The animals were conditioned with morphine and then 
placed on specially prepared vitamin A free but otherwise adequate dog 
biscuits which were fortified with carotene during the control period. The 
biscuits were demonstrated to be vitamin A free by feeding experiments 
on rats. During the experimental period the carotene was withheld. 
The conditioned secretion was inhibited by the loss of vitamin A, but the 
unconditioned secretion was not influenced within the time limits of the 
experiments. The mechanisms involved are being investigated. The 
weights of the animals were constant within 1 kgm. The appetite and 
water consumption did not suffer during the experimental period. 


Blood iodine after total thyroidectomy in man. GrorGe M. Curtis and 
* Louis E. Barron (by invitation). Department of Surgery, Ohio State 

University. 

Total thyroidectomy was accomplished in four patients. The indica- 
tions for this were: 1, 2, hypertensive heart disease; 3, hypertension of un- 
known etiology, and 4, congestive heart failure due to arteriosclerotic 
heart disease. Adequate control periods were established prior to the 
thyroidectomies. Following total thyroidectomy two patients were 
observed in the hospital for approximately one month, and at frequent 
periods subsequently. The effect of total thyroidectomy upon the blood 
iodine, the urinary excretion of iodine, the blood pressure, and the basal 
metabolism were particularly noted. The normal blood iodine in man, 
determined by the modification of the von Fellenberg procedure which we 
are using, is about 12 gamma per cent (0.012 mgm. per cent). It was 
increased in these patients previous to hospitalization. Immediately 


following the total thyroidectomy there ensued a transient increase in the, 


blood iodine. This subsided during the first twenty-four hours. It was 
accompanied by a striking postoperative increase in the urinary excretion 
of iodine. The blood iodine then gradually decreased. In one patient 
it fell to 1.4 gamma per cent. In one instance the decrease was transient 
and was followed by a return to normal in about six weeks. The increased 
postoperative excretion of iodine in the urine gradually returned to a low 
normal level. Daily records of the blood pressure were made during an 
adequate preoperative control period. Following total thyroidectomy 
there ensued a definite decrease in the systolic and diastolic pressures. 
These stabilized about one month after thyroidectomy. When physical 
activity was resumed, the blood pressure returned to the original level. 
During the control periods, determinations of the metabolic rate revealed 
normal values in three patients. In the fourth, the preoperative basal 
metabolic rate was plus 30, although there was no evidence of thyroid 
hyperfunction. Following total thyroidectomy the basal metabolic rate 
fell to the minus side in two of the patients. In the patient whose original 
basal metabolic rate was plus 30, the lowest level attained, ten weeks after 
the thyroidectomy, was plus 6. There was no evidence of hypoparathy- 
roidism in the four patients. 


A histological study of the action of estrin in terminating pregnancy. FRED 
E. D’Amour (by invitation). University of Denver. 
Previous work reported by the author indicates that appropriate dos- 
ages of estrin in the early stages of gestation will invariably prevent or 
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terminate pregnancy and that simultaneous injection of other hormones, 
which, from theoretical considerations, might be expected to overcome the 
effect of estrin do not do so. 

The present study is a histological investigation of the effects of estrin 
upon the uterus. Three series of animals were used, the first received 10 
r.u. daily from the first to the tenth day; the second, 20 r.u. from the first 
to the fifth day; and the third 50 r.u. from the 10th to the 15th day. The 
animals were sacrificed the day following the last injection. Random 
sections were made of the uteri and stained with H. and E., and with 
Mallory’s connective tissue stain. As controls, unbred animals not in 
estrus, unbred animals in estrus, 11 day pregnant and 15 day pregnant 
animals were used. 

The results indicate, for the animals injected in the pre-implantation 
period, that the uterus shows a considerable degree of hyperplasia of the 
uterine mucous membrane, a considerable degree of fibrosis, usually glan- 
dular hyperplasia and an increased number of ciliated cells in the Fallo- 
pian tube. The fluid filling the uterus is thin and watery, contains less 
coagulable material than the normal pregnant uterus and resembles the 
fluid found during estrus. 

In the post-implantation stage the effect of estrin is probably directly 
upon the fetus, the only change in the uterus being an absence of the ede- 
matous structure characteristic of normal pregnancy. 


The vitamin B requirement of female albino rats for maintenance and growth. 
MarGarRET Dann (by invitation) and Grorce R. Depart- 
ment of Physiological Chemistry, Yale University. 

An attempt has been made to determine the amounts of vitamin B re- 
quired by rats at various weight levels for normal growth, as contrasted 
with maintenance. The animals received a diet believed to be adequate 
in every food essential except vitamin B,, and this factor was supplied in 
limited amounts in the form of a yeast concentrate, previously assayed by 
the pigeon technique of Block, Cowgill and Klotz (1932). The treatment 
of the animals differed from that usually employed in vitamin studies, in 
that the doses were graduated to meet the needs of each individual rat. 

For the growth study, sufficient amounts of the vitamin B supplement, 
adjusted when needed by small increments, were administered to permit 
each rat to grow at a standard rate. An arbitrary standard curve was 
chosen, based on observations of Smith and Bing (1928) upon supposedly 
normal female rats of this colony. For the maintenance observations, the 
animals were allowed to grow while receiving a complete diet until one 
group of them reached a weight level of about 80 grams, another group 130 
grams, and a third 180 grams. They were then deprived of the vitamin B 
supplement until cessation of growth indicated exhaustion of their store 
of this factor, which usually permitted an additional growth of 10 to 20 
grams. After this, it was possible to adjust each rat’s dose so that a 
weight level, constant within +4 grams, could be maintained for 3 to 4 
weeks or longer. 

The maintenance requirement of female rats was found to be directly 
proportional to the body weight. For rats from 90 to 240 grams, this was 
close to 0.8 pigeon unit (about 2.1 international units) per 100 grams body 
weight. The vitamin B requirement for standard growth, however, was 
more nearly proportional to the 5/3rd power of the weight than to any 
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other function, and appeared to be from 3 to 5 times as great as the main- 
tenance need. 


The relative significance of electrolyte concentration and tissue reaction in 
water metabolism. Harry A. Davis (by invitation) and Lester R. 
DraGstept. Department of Surgery of the University of Chicago. 

The stomach of the dog was isolated from continuity withthe digestive 
tract by the method of L. R. Dragstedt and Ellis (1929) leaving the vagus 
innervation intact. The continuous loss of gastric juice through such a 
preparation produced marked hypo-chloremia, alkalosis, and dehydration. 
A total permanent fistula of the pancreatic ducts was prepared by a 
method devised in thislaboratory. The continuous loss of pancreatic juice 
produced severe acidosis and dehydration. The administration of NaC 
solution was found to be effective in combating the dehydration in both 
instances whereas water or isotonic glucose solutions were not. In this 
study a comparison was made between the ability of the animals with 
dehydration and acidosis and those with dehydration and alkalosis to 
retain equal amounts of isotonic NaCl and glucose solutions. In general 
the animals with alkalosis retained the water better than those with 
acidosis. 


The relation of auditory action potentials to the electrical response of the 
cochlea. H. Davis and A. J. DerRBysHIRE (by invitation). Harvard 
Medical School. 

In the electrical response from the round window a component due to the 
action potential of the auditory nerve has been identified. If this is dis- 
counted the true cochlear response is found to conform very closely to the 
wave form of the stimulating sound modified by non-linear distortion. 
The threshold curve for this response in the cat is very nearly identical 
with the human audibility curve. 

The latency of the action potentials in the auditory nerve is about 0.80 
and diminishes slightly with increasing intensity of stimulation. Study 
of responses to unsymmetrical impulsive stimuli shows that the nerve im- 
pulses are initiated during the phase of increasing electrical positivity of 
the cochlear response at the round window. 

The maximal frequency of nerve impulses in a single neurone is about 
1,000 per second. At about this frequency the action potential wave falls 
to less than half its initial value during two seconds of stimulation, due 
undoubtedly to prolongation of the refractory period and consequent al- 
ternation of response. With lower frequencies the fall is less, with higher 
frequencies the first responses are already small. A similar maximum of 
“equilibration’’ occurs at a frequency of about 2,000 per second. 

The relation of height of the initial action potential wave to strength of 
stimulus, in the frequency range where alternation is absent, is roughly 
hyperbolic and almost identical with the corresponding relation for the 
cochlear response. The threshold curves are also practically identical. 
We infer that in this frequency range and probably for all tones the sensi- 
tivity of the normal ear is determined primarily by the physical properties 
of the sense organ and that the sensation of loudness depends upon the 
total number of active nerve fibres and is independent of the frequencies 
of nerve impulses which they carry. 
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The physiological response to high concentrations of carbon dioxide and the 
nature of functional mechanisms involved. II. Alterations in respiratory 
activity. F. C. p’Etseaux and M. L. PETERMANN (by invitation). 
Harvard University. 

Constant mixtures of carbon dioxide ranging from 5 per cent to 25 per 
cent were inhaled by adult human subjects. The changes in acid-base 
balance, in respiratory activity, in circulatory activity, and in oxygen trans- 
port were studied. The present report is confined to a discussion of the 
changes in respiratory activity. 

The changes in pH and in oxygenation of arterial and of internal jugular 
venous blood were followed throughout the inhalation. The pH was 
gasometrically determined by use of observed carbon dioxide dissociation 
curves and the Henderson-Hasselbach equation. The data obtained are 
compared with similar data obtained during the inhalation of 4 per cent 
oxygen in nitrogen, during the ingestion of sodium bicarbonate, and during 
the ingestion of ammonium nitrate. 

The nature of the response in each type of procedure is discussed. 

The findings are interpreted in the light of those of other workers in an 
effort to understand the functional mechanisms of respiratory regulation. 


The effect of barbiturates on the embryo and on pregnancy. JAMES M. DILLE 
(by invitation). Georgetown University, School of Medicine, Wash- 
ington, D. C. 

These experiments were performed on guinea pigs, rabbits, and cats. 
The types of experiments included the administration of a single large dose 
(from 225 mgm. to 300 mgm. of sodium barbital per kgm.), of repeated 
smaller doses (from 50 mgm. to 150 mgm. per kgm. of sodium barbital) ; 
and the study of effects of these doses upon the duration of pregnancy and 
upon the concentration of the drug in the placenta, amniotic fluid, and 
fetus. 

The duration of pregnancy was usually shortened by the administration 
of a single large dose, and by oft-repeated smaller doses, although one 
rabbit showed normal delivery eight days following the administration of 
250 mgm. of sodium barbital per kilogram, and the embryos showed no 
evidence of the presence of barbital. The concentration of barbital in the 
fetus was, in almost every case, considerably higher than that found in 
the uterus, placenta, amniotic fluid, and blood of the mother. Also the 
concentration of barbital in the embryo approached anesthetic levels, and 
in certain cases even exceeded this. The embryo of a rabbit which re- 
ceived 300 mgm. per kgm. of sodium barbital, contained 0.55 mgm. per 
gram, 15 minutes after the injection of the mother. 

In acute experiments it was found that the barbital content in the 
embryos and amniotic fluid progressively decreased, while that of the 
placenta increased until about two and a half hours after injection. 

Preliminary experiments indicated that not only barbital but also other 
barbiturates permeate the placenta and may be detected in the embryo. 

Barbital was also detected in the milk. 


On the excretion of xylose by man. R. Domincurz and E. PoMERENE (by 
invitation). St. Luke’s Hospital, Cleveland. 
After 2 to 3 hours following the ingestion of xylose, the time change in 
the plasma concentration, x, in milligrams per 100 cc., and the minute rate 
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of excretion in the urine, y, in milligrams per minute, can be represented by 
exponential equations of the form 


y = yet ae, x = x, + 


where y, and x, are the endogenous blanks of the respective variables, 
a, b, a, and B, constants to be determined from the experiments, e is the 
base of natural logarithms and ¢ the time in hours. 

Six experiments were performed in two normal human beings, subjects 
Eand D. In two experiments the urine curve only was determined. The 
constants (a log e) and (6 log e) calculated by standard methods are: 
(a log e), for subject E, 0.1656, 0.2340, and 0.2412, for subject D, 0.2297, 
0.2754, and 0.2868; (8 log e), for subject E, 0.1660 and 0.2432, for subject 
D, 0.2546 and 0.2305. 

The ratio (a/8) from simultaneous experiments is 0.9975, 0.9621, 0.9022, 
and 1.1948, mean 1.014. Therefore, the relation between the rate of excre- 
tion of ingested xylose and the corresponding plasma concentration is 
linear, that is, 


(y — ye)/(x — x.) = (a/b) = constant. 


The mean value of this constant, the excretion constant of xylose, is 0.77. 

The excretion constant of creatinine on subject E is 1.82. But, the half 
period in the drop of plasma concentration is 2.390 hours for creatinine and 
1.204 for xylose, whereas the percentage recovery from the urine, in a 
mean interval of 8.117 hours following ingestion, is about 62 for creatinine 
and 26 for xylose. It appears as if xylose is disposed of by means other 
than renal excretion above. The excretion constant is, therefore, of no 
nuclei in theories of renal function. 


The experimental production of lymph edema and elephantiasis. Crciu K. 
DRINKER, MADELEINE E. and JoHN Homans (by invitation). 
Department of Physiology, Harvard School of Public Health, Boston. 
Permanent obstruction of the lymphatics draining the hind leg of the 

dog has been secured by repeated intralymphatie injections of crystalline 

silica and 2.5 per cent quinine hydrochloride. Elephantiasis is one of the 
consequences of lymphatic blockage and an extreme susceptibility to 
value in streptococcic infection is another. These points will be illustrated. 


Studies in laminar corticology. J.G.DussER DE BARENNE. Laboratory of 

Neurophysiology, Yale University. 

By the method of laminar thermocoagulation of the cerebral cortex it is 
possible to destroy, at will, any number of consecutive layers of nerve cells 
of the cortex, starting from the outer surface. 

Some of the results obtained are: 

1. Normal motor reactions can be elicited from the motor cortex (field 4 
of Brodmann) on faradic stimulation after destruction of the 3 superficial 
layers. For 1} to 2 minutes after this lesion the threshold for such cortical 
reactions is augmented; after this period the threshold for unipolar faradic 
stimulation returns to its ‘‘normal’’ value. 

2. Histologic:.1 examination in these experiments has shown that the 
location of the motor foci on the cortical surface corresponds with the 
location of the large and giant pyramidal cells in the 4th layer. 
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The facts sub 1 and 2 indicate that the motor reactions obtained are due 
to the direct stimulation of the large and giant pyramidal cells of the 4th 
cortical layer. 

3. The destruction of the 3 superficial layers of the precentral arm area 
(arm region of fields 4 and 6 of Brodmann) usually results in a very slight, 
transient paresis of the contralateral hand. After 3 to 17 hours all symp- 
toms of motor impairment have disappeared. In some animals no symp- 
toms of motor deficit appear at all after such lesion. 

4. The destruction of the whole thickness of the cortex. of the precentral 
arm area results in a paralysis of the contralateral arm, lasting for about 
4 days. Then functional recovery becomes apparent and is complete in 
about 3 weeks. 

The facts sub 3 and 4 show that the paralysis after lesions of the ‘‘motor”’ 
cortex is due to the damage or destruction of the nerve cells of the 2 inner 
layers. In combination with the facts sub 1 and 2 those sub 3 and 4 indi- 
cate that such paralysis is due to the damage or destruction of the large 
and giant pyramidal cells of the 4th layer. 


Conditioned motor reflexes in cats. S. Dworkin. McGill University. 

Cats are easily trained to raise the lid of a specially built container when a 
piece of meat is placed within it. Following the Pavlov procedure, the 
unconditioned (meat) stimulus is preceded by a new (conditioned) stimu- 
lus, and soon this latter stimulus evokes a response. In this way, cats 
have been conditioned to various musical and other sounds, to light, and 
to tactile stimuli. The cat is well conditioned after 40 and 50 tests, but 
interval responses may persist for some weeks. The latent period of a 
response is proportional to the strength of stimulus, being 1 to 2 seconds 
for a strong sound and 2 to 4 seconds for a weak sound. 

The development of inhibition has also been studied. Extinction and 
conditioned inhibition may.be accomplished readily in the cat, there being 
little difference from the dog. Differentiation, however, between stimuli 
of like quality is more difficult to establish. Thus the capacity of the cat 
to discriminate pure musical notes is considerably less than that of the 
dog. 

Long maintained generalization to musical sounds makes the cat a very 
suitable subject for hearing tests, and in most animals it has been possible 
to explore the hearing range in the space of 4 to 5 weeks. 


The renal tubule of the frog and mammal as affected by mercury. J. 

GRAHAM Epwarps. University of Buffalo. 

The epithelium of the renal tubule in the kidney of the frog, rat, rabbit 
and guinea pig shows at death the following sites of injury when the animal 
has been given intraperitoneally 0.4 mgm. per 100 grams weight of a solu- 
tion of HgCl2, 0.04 per cent: frog, the distal half of the proximal portion 
of the convoluted tubule; rat, the entire tubule except the neck and thin 
segments; rabbit, the entire tubule and duct system; guinea pig, the as- 
cending limb of the medullary loop. 

When these animals are given Ringer’s solution, solutions of sodium 
ferrocyanide or sodium thiosulphate equivalent in concentration and 
volume to that of the injected HgCh, or of greater concentration than the 
latter, the epithelium is better preserved although longevity is not mark- 
edly increased. In the kidney of the guinea pig given HgCl, and thio- 
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sulphate a much more marked injury is seen in the ascending limb of the 
tubule than when HgCl, is given alone. Rabbits given 4 mgm. of HgCl, 
every 48 hours for 96 hours and at the end of 288 hours survive longer than 
those given a single injection of 10 mgm. Those given a total of 16 and 21 
mgm. of HgCl, and an equivalent amount of sodium ferrocyanide or thio- 
sulphate, respectively, lived for 133 days. The epithelium of the tubule 
was very much better preserved at death than that in the kidney of ani- 
mals given a single dose of 10 mgm. of HgCl,. and which died at the end of 
7 days, although the glomeruli had, in the longer lived animals, undergone 
hyalinization and partial replacement by connective tissue thereby closing 
the lumen of the neck segment. The lesion in the kidney of these animals 
is definitely restricted to the lower half of the proximal convolution and 
the ascending limb of the medullary loop. Studies of human nephritic 
kidneys show segmental injury comparable with certain of those men- 
tioned above. 

The sites of injury were determined by a study of serially sectioned 
macerated tubules as well as by a study of serial sections prepared in the 
usual way. This method also makes possible the determination of the 
variation in tubule degeneration following various stages of glomerular 
degeneration with which such tubules are connected. 


The oestrous cycle of the hairlessrat. E. Emery. University of 
Buffalo. 
The factors that produce the hairless condition in these animals are 
unknown. It seems likely that the endocrine organs are not normal. The 


present report deals with the reproductive and pituitary glands. The 
ovaries and uterus are smaller and the pituitary is somewhat larger than 
those of the albino rat. Oestrus occurs infrequently and the dioestrus 
period is usually a month or more in length. Yet oestrus is readily pro- 
duced by pituitary implants or extracts. Both males and females are 
fertile. 


Manifestations of segments in the action potentials of myelinated axons. 
JoserH ERLANGER and E. A. Buarr (by invitation). Department of 
Physiology, Washington University School of Medicine. 

The reeord of the conducted monophasic axon potential, when the nerve 
is polarized anodally at the proximal (ground) lead, develops on its ascend- 
ing limb two to four step-like discontinuities. The earliest of these steps 
is the lowest and the latest the highest. As the polarization increases the 
steps increase in height and separate until, at a critical strength, the latest 
of the steps, usually one, drops out. This happens when the start of the 
highest step has been pushed back until it rests on or slightly behind the 
crest remaining after the defection. In like manner each of the highest 
of the remaining steps can be eliminated from the picture in succession. 
Anodal polarization at the ground makes a diphasic potential monophasic 
when any negative element drops out; anodal polarization at the grid, 
typically, removes the elements, positive and negative, progressively from 
the latest to the earliest. With an interelectrode span of 6 mm. seven 
such steps have been demonstrated. 

These results signify that the steps are made either by a steadily pro- 
gressing process that can manifest itself only as it passes nodes and that 
anodal block develops at nodes, or by a process that progresses in jumps 
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from segment to segment and that blocking is effected by serial depression 
of the irritability of the segments. If the latter is the case restimulation 
might take place either in accordance with Lillie’s concept of stimulation 
by eddy currents, or by means of a potential acting across effective trans- 
verse interfaces at the nodes. 

Occasionally records of axon potentials initiated by stimulation through 
the ground lead with either ascending or descending currents are com- 
pounded of a very low and a later high step. This observation indicates 
that with either arrangement it is possible to stimulate a segment that 
contributes relatively little to the record. 


The effect of the digestion of food on the blood flow in certain blood vessels of the 
dog. Hiram E. Essex, Juuia F. Herrick, F. C. MANN and Epwarp 
J. Baupres. Mayo Clinic and the Mayo Foundation, Rochester, 
Minnesota. 

By the use of the thermo-stromuhr method of Rein the influence of 
digestion on the blood flow has been studied in the femoral, carotid, and 
mesenteric arteries. There is a marked prolonged increase in each of these 
vessels when digestion is in progress. The time of the onset and the dura- 
tion of the increase is influenced by the character of the food but the mag- 
nitude is relatively the same regardless of the type of food ingested. In 
general the highest blood flow values obtained during digestion are about 
twice those obtained after an eighteen hour fast. The initial increase in 
blood flow following a semi-fluid meal rich in carbohydrate occurs in 10 to 
20 minutes while as much as three hours may elapse before the blood flow 
begins to increase after the ingestion of a raw lean meat meal. The in- 
creased blood flow is accompanied by an increased pulse and respiratory 
rate. The increase in blood flow does not appear to be due to a reflex 
vasomotor mechanism since significant changes in limb volume and surface 
temperature were not observed and comparable increases occurred in the 
femoral artery of dogs that had previously had a lumbar sympathectomy 
performed. Significant changes in the blood volume were not apparent 
by the use of the dye method. The increased blood flow may be asso- 
ciated with a decreased circulation time. The increase in blood flow does 
not appear to be due to mechanical causes. 


Studies on the injury potential of muscle. J. A. E. Eyster and Sara L. 
Hoorrs (by invitation). Department of Physiology, University of 
Wisconsin. 

In complete fatigue of muscle induced by stimulation through its nerve 
or directly, there is no reduction of the injury potential, unless the stimulat- 
ing current is excessive. Irritability may thus be lost without loss of 
injury potential, a condition previously shown to exist in nerve in chloro- 
form and ether narcosis. Excessive direct stimulation of muscle causes a 
reduction of the injury potential to zero or may reverse it temporarily. 
This condition is associated with loss of irritability. Gradual recovery of 
injury potential and with it irritability may occur, especially in an oxygen 
rich atmosphere. These observations furnish additional evidence for the 
view that the condition in nerve or muscle making possible the develop- 
ment of an injury potential is an essential one for the presence of irri- 
tability, but that irritability may be lost through effects upon other factors, 
the tissue showing an injury potential of normal magnitude. 
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The electrical field around heart and skeletal muscle. J. A. E. Eysrer, 
FRANK Maresu (by invitation) and M. R. Krasno (by invitation). 
Department of Physiology, University of Wisconsin. (Read by title.) 
The tortoise heart or frog’s gastrocnemius muscle was placed in the 

center of a circular dise 43 em. in diameter containing a layer of Ringer’s 

solution three millimeters in depth. Two electrodes were fixed at the 

margin of the dise at the two ends of the axis of minimal potential. A 

movable electrode was placed at various points at different distances and 

along different axes with reference to the preparation. Action potential 
curves were recorded by connecting through a two stage direct coupled 
amplifier to a string galvanometer. Single contractions of the skeletal 
muscle preparation were secured by stimulation through its motor nerve. 

The electrogram was recorded simultaneously by a second string galvanom- 

eter from electrodes leading directly from the preparation. The con- 

stant curve thus obtained served as a time reference to the potential 
curves recorded from distant points. 

The action potential curves recorded along different axes around the 
heart showed a wave form progressing in time relative to the fixed electro- 
gram direct from the heart. The potential field determined from these 
progressing wave forms by plotting equipotential points at a fixed time 
with reference to the electrogram is asymmetric with respect to the origin 
and departs from the symmetric field given by a single stationary dipole. 
The interpretation is that of a series of moving electrical charges with 
asynchronous time relations and along different axes in the heart muscle, 
which at no time fuse to represent a single equivalent dipole. The form 


of the field may be simulated by an asymmetric disposition of artificial 
dipoles. The gastrocnemius muscle shows a similar field but with less 
departure from that of a single dipole. The experiments are being con- 
tinued with parallel fibered skeletal muscle. 


The dark-field microscopy of blood platelets in clotting and citrated blood. 
J. H. Ferreuson. Laboratory of Physiology, Yale University. 
(Demonstration. ) 

The use of the dark-field microscope in the study of the réle of platelet 
alterations in blood coagulation is demonstrated by a comparison of the 
data on clotting blood and on citrated plasma. 


Gastric anacidity following pilocarpine injections in monkeys. J. H. FEr- 
GusON and Exizapern R. B. Smita (by invitation). Laboratory of 
Physiology, Yale University. 

Controlled fractional gastric analyses have been made on a series of green 
monkeys (Lasiopyga callithriz, (Elliot) or Cercopithecus aethiops sabaeus 
(Schwarz)). Pilocarpine in doses exceeding a certain threshold produces a 
complete disappearance of the free gastric acidity in 10 to 20 minutes at 
whatever stage in the digestion of the meal the drug is exhibited. The 
approximate thresholds for this anacidity effect are (1) 0.2 mgm. per kilo 
by lateral cerebral ventricle; (2) 2.0 mgm. per kilo intravenously, and (3) 
6.5 mgm. per kilo subcutaneously. The total acidity follows the free 
acid curve but the total chloride secretion is unaffected. ‘The phenomenon 
is not a neutralization effect by a, food residues; b, mucus and swallowed 
saliva, or c, regurgitated bile. Antagonism by atropine indicates that it is 
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a parasympathetic effect. It can be antagonized only with difficulty by 
histamine. 


The effects of partial and complete adrenalectomy on experimental diabetes. 
H. Warp Ferritu (by invitation), J. M. Rocorr, B. O. Barnes and 
V. B. Scorr (by invitation). University of Chicago and Western Re- 
serve University. 

Using dogs as experimental animals, a quantitative study has been made 
of the glycosuria resulting from pancreatectomy. In some cases one 
adrenal was removed before the pancreas, while in other cases the pancreas 
was removed first and the one adrenal removed after the animal had been 
carefully standardized on a constant diet and insulin therapy. In one 
animal the adrenal on one side and half of the other gland was removed 
prior to pancreatectomy. The glycosuria was considerably less than 
normally observed after pancreatectomy, in those animals having a partial 
adrenalectomy 10 to 18 days before the pancreas was removed. In those 
cases where the pancreas was removed first, the insulin therapy could be 
diminished or discontinued after unilateral adrenalectomy, without severe 
glycosuria developing. These animals gradually lose weight and some 
have died after about 4 weeks. No accessory pancreatic tissue was found 
at autopsy. These studies are being continued and extended to animals 
with both adrenals removed. 


The composition of lymph and edema fluid from regions with blocked lymph 
drainage. MAapELEINE E. Frevp and Cecit K. Drinker. Department 
of Physiology, Harvard School of Public Health, Boston. 

As a result of lymphatic obstruction, removal of extravascular protein 
becomes difficult and perhaps impossible. During the past year we have 
had opportunity to collect and study lymph and edema fluid under cir- 
cumstances of lymphatic obstruction, anc an account of these observa- 
tions throws light on the functions of the lymphatic system. 


The relation of the adrenal cortical hormone to vitamins B(B,), C and G(B:). 
W. M. Frror and ArtHur GROLLMAN. Department of Experimental 
Surgery and Department of Pharmacology and Experimental Therapeu- 
tics, School of Medicine, Johns Hopkins University. 

Numerous recent publications have stressed a relationship between the 
activity of the adrenal cortical hormone and vitamins B and C. Our 
experiments have demonstrated the absence of any such interrelations. 
The apparent partial replaceability of vitamin C by adrenal cortical prep- 
arations reported by previous observers is due to the presence of ascorbic 
acid in such extracts. When this is removed the extract, whose potency 
is unaffected as regards its life-prolonging effects in adrenalectomized 
animals, shows no appreciable anti-scorbutic activity in guinea pigs. 
Crystalline vitamin C is found to be more effective when administered in- 
traperitoneally than by mouth. It is thus fallacious to argue that an 
observed antiscorbutic activity following intraperitoneal injection of a 
given solution is not due to vitamin C if the same solution is less effective 
by mouth. 

The adrenal cortical hormone had no demonstrable replacement activity 
in experimental avitaminosis B, or B, (G) of rats. 

Ascorbic acid had no life prolonging action in adrenalectomized animals. 
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| 
| The effect of CO upon the embryonic fish heart. Kx. C. Fisuer (by invitation) 
| and LauRENCE IrvING. Department of Physiology, University of 
Toronto. 
The heart of the embryo in the speckled trout egg is easily visible and 
| the frequency of its beat is practically constant. Carbon monoxide (90 
| per cent) and O, (10 per cent) reduce the frequency. The reduction is 
| gradual and requires from } to 3 hours. Next follows a period of depres- 
| sion at around 50 per cent of the original frequency. The heart remains 
| constant or declines in frequency only slowly thereafter. The inhibition 
is immediately removed by light, and in some cases completely. Dim 
| light or darkness restores the inhibition promptly. The light effect may 
be repeated many times. The speed of onset of inhibition by CO resembles 
the slow development of inhibition by CN and reduced O, tension, but the 
/ effect of light and dark is contrasted by their immediate action. The 
results show that the heart frequency is maintained by a respiratory cata- 
lyst similar to Warburg’s respiratory ferment. The observations differ 
from respiration studies by providing evidence on a complete physiological 
system. The main issue is whether the heart can be supported by an 
alternative metabolic process, by a reserve created by the oxidizing system, 
or whether the oxidation must directly and immediately support the heart 
beat. 


A special micro-manipulator. G. W. Frirz. Peconic, Long Island, N. Y. 
(Demonstration.) 
A special micro-manipulator for rapid operation in a, selection and dis- 
tribution of bacteria and other unicellular organisms for pure culture; b, 
micro-chemical analyses down to particles of the order of 10~’ gram. 


Effect of sympathetic stimulation on the paralytic submaxillary gland. A. J. 
FieminG and F. C. MacIntosu (by invitation). Department of Phy- 
siology, McGill University. 

It was demonstrated in cats, in which one submaxillary gland had been 
denervated 10 to 30 days previously by section of the chorda tympani, that 
on sympathetic stimulation the threshoid of excitation in the paralytic 
gland was much reduced. When both cervical sympathetic nerves were 
stimulated with currents of equal intensity and duration, the paralytic 
gland secreted much more copiously than the normal gland; the secretory 
after-effect was also greatly prolonged in the paralytic gland. Injection of 
adrenalin gave similar results. The effect of sympathetic stimulation was 
not antagonized by atropine, but was abolished by ergotoxine. Pilocar- 
pine acted more strongly on the normal than on the denervated gland. 
After small doses of physostigmine sympathetic stimulation gave rise to a 
marked secretion from the paralytic gland, followed after a definite latent 
period by secretion from the normal gland. It was concluded that section 
of the preganglionic parasympathetic fibres to the submaxillary gland 
heightens its excitability for sympathetic stimulation. 


A study of the effect of temperature and of strength of stimuli on contractility 
in the plant mimosa. H. J. Futuer (by invitation) and W. E. Burce. 
Departments of Botany and cf Physiology, University of Illinois, 
Urbana. (Read by title.) 

A leaf of the plant Mimosa pudica was stimulated by dropping weights 
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varying from 10 to 400 mgm. through a distance of 20 em. and striking the 
plant. The extent of the bending of the leaf brought about by the stimu- 
lation was read off directly on a millimeter scale placed beside the plant. 
Four different plants were used and several determinations were made on 
each plant. 

It was found that stimulating the plant by dropping the lighter weights, 
10 and 20 mgm. for example, produced no bending of the leaf. However, 
when a weight was used that was sufficient to stimulate the plant, a maxi- 
mal effect or bending of the leaf was produced and the use of heavier 
weights produced no greater effect. Hence it would seem that the plant 
Mimosa, like cardiac muscle, is apparently “all or none’”’ in its reaction to 
different strengths of stimuli. The ease with which the plant fatigues and 
the long refractory period enter as complicating factors in establishing the 
“all or none”’ principle for the plant. 

The effect of temperature was also studied. It was found that the 
plant was non-irritable at 10°C. At 20°C. stimulation was effective and 
produced a slight bending of the leaf; at 25°C. the stimulus was most 
effective, producing the most extensive bending, while at 30°C. the bending 
was not so great as at 25°C. but more than at 20°C. From the preceding 
it would seem that temperature affects contractility of the plant Mimosa 
very much as it does animal muscle. 


Autonomic representation in the cerebral cortex. J. ¥. FULTON, MARGARET 
A. KENNarRD (by invitation) and J. W. Warts (by invitation). Labora- 
tory of Physiology, Yale University. 

Removal of the cerebral hemispheres of any higher vertebrate causes in- 
creased activity of certain viscera such as heart and gut and other organs 
controlled by the autonomic nervous system. This indicates that the 
cerebral cortex normally plays a part in regulating autonomic function, 
but it gives no clue as to what region of the cortex is involved. Stimula- 
tion and extirpation of various parts of the hemispheres of monkeys and 
chimpanzees have provided evidence that motor representation of the 
autonomic system lies in the premotor area, chiefly in its rostral portion 
(area 6a8 of the Vogts). Stimulation of this region gives rise to vigorous 
peristaltic movements of the gut; bilateral extirpation also causes excessive 
motor activity of the gastro-intestinal tract and this undoubtedly accounts 
for the state of morbid hunger exhibited by these animals and for the ob- 
structive intussusceptions which they sometimes develop. 

Unilateral extirpation of the premotor area (and of no other region of 
the cortex) also causes marked vasomotor disturbance on the opposite side 
of the body, characterized by a failure of the reflex vasodilator mechanism. 
Thus when the temperature of the surroundings is elevated the tempera- 
ture of the affected side of the animal’s body rises much more slowly than 
that of the normal side. Reflex vasoconstriction in response to cold is 
not affected by the cortical lesion (Kennard, Science, 1934, 79). Sudo- 
motor and probably pilomotor activities are also affected by premotor 
lesions. Other autonomic functions have still to be studied. 


The effect of posterior pituitary preparations on the blood flow of the normal 
intact dog. E. M. K. Geruine, J. F. Herrick and Hrram E. Essex. 
The Department of Pharmacology and Experimenta! Therapeutics, 
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Johns Hopkins School of Medicine, Baltimore, Maryland, and Division 

of Experimental Medicine, The Mayo Clinic, Rochester, Minnesota. 

With the Thermo-Stromuhr method of Rein as improved by Herrick, 
Essex and Baldes, blood flow measurements were carried out on resting, 
normal dogs after injection of various posterior pituitary preparations 
(the pressor and oxytocie fractions of Stehle and of Parke, Davis & Com- 
pany—-pitressia and pitocin). The following results were obtained. The 
blood flow in the femoral artery, femoral vein, carotid artery, and jugular 
vein shows a marked decrease following the intravenous injection of the 
pressure fraction of the posterior lobe of the pituitary gland. This decrease 
is prolonged and the pre-injection level is not attained until about one and a 
half hours have elapsed. When pitressin is inactivated with alkali, no 
effect on the blood flow is observed. The oxytocic fraction also has no 
significant effect. 

The pressor fraction produces similar effects on the blood flow in the 
femoral artery of a sympathectomized and an adrenalectomized dog. 


The effect of exercise on the acetone bodies in the blood of man on low carbo- 
hydrate diet. C. L. GemmiLL. Department of Physiology, School of 
Medicine, Johns Hopkins University. 

A study was made of the total acetone bodies in the blood of three 
subjects before and after exercise with the subjects on normal and low 
carbohydrate diets. No significant changes were observed following exer- 
cise with the subjects on normal diets. On low carbohydrate diets, with a 
general elevation of the acetone bodies, a further increase was found after 
work. The maximal rise in each case was observed two hours after exer- 
cise. These experiments suggest that fat may be used as such to supply 
the energy for muscular contraction in man. 


Brain action potentials.' R. W. Gerarp, W. H. MArsHALL (by invitation) 
and L. J.Saut. Department of Physiology of the University of Chicago. 
The electrical exploration of the brain, reported earlier (Proc. Soc. Exp. 

Biol. and Med., 1933, 30, 1123), has been extended with the aid of a Hor- 
sley-Clark stereotaxic instrument, permitting accurate anatomic localiza- 
tion. Eyoked activities, by light, sound and touch, and those “sponta- 
neously” present were picked up by a concentric needle electrode, ampli- 
fied and fed into a loud speaker and a cathode ray oscillograph. Records 
obtained with the latter will be demonstrated. 

Auditory responses were accurately located in the root of the acoustic 
nerve, accessory nucleus of the nerve, trapezoid body, lateral lemniscus, 
medial geniculate body, and auditory radiations. An active fibre bundle 
is present ventrolateral to the cornu ammonis at the level of the geniculate; 
and more caudal, activity was obtained from Forel’s decussation and more 
lateral structures. Activity was greatest where the lateral leminiscus 
entered the inferior colliculus and from the nucleus of the colliculus. 

Optic responses were strongest in the optic tract before entering the 
lateral geniculate body, less in the cell mass itself and quite strong in the 
optic radiations. These were easily traced through the white matter and 


1 Aided by a grant from the National Research Council. 
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responses obtained from the cortical area striata. An important bundle 
passes over the lateral surface of the cornu ammonis, as stated by Poljak 
on histological evidence. Powerful responses were also obtained from the 
superior colliculus; and optic stimulation acts upon auditory responses 
at the junctions of the colliculi and of the geniculate bodies. Probably 
in the lateral geniculate, a double rhythm is imposed on the optic paths, 
giving a total frequency of four a second. This is abolished by optic 
stimulation, as units get out of synchrony, to return after light is 
discontinued. 

The background activity is marked and usually irregular in cortical ra- 
diations; very strong with sudden bursts in the cerebral peduncles; active 
in the central grey, and other nucleii, as ruber, lateral thalamic, etc. 
Bursts synchronous with respiration were obtained from the medial 
lemniscus. Localized cutaneous and proprioceptive responses appeared in 
the lateral thalamic nuclei. 

With Doctors Case and Bailey collaborating, responses to auditory, 
optic and proprioceptive stimuli have been obtained from the exposed 
brains of patients. 


Is breathing fundamentally a refler phenomenon? Ropert GESELL and 
Cart Moyer (by invitation). Department of Physiology, University 
of Michigan, Ann Arbor. 

Whether the rhythmic discharge of the respiratory center is a localized 
physico-chemical process modified by afferent impulses or a reflex phenom- 
enon modified by chemical conditions is considered. 

Effects of varied combinations of afferent inflow suggest that breathing 
may be largely a resultant of numerous and various afferent nerve im- 
pulses. 

The effectiveness of afferent impulses is profoundly influenced by chem- 
ical changes capable of modifying breathing. Results indicate depres- 
sion of excitatory and inhibitory respiratory reflexes by CO, saturation 
and augmentation by CO, depletion and by anoxemia. These findings are 
tentatively employed to analyse respiratory phenomena. 

The indirect proportionality of rhythm to intrapulmonary pressure is a 
reflex effect of changing lung volume. Assuming only a single inhibitory 
vagal reflex, augmentation of this reflex by sodium carbonate should slow 
the rhythm, and depression by CO, should accelerate it, at any pulmonary 
volume. Graded volume change with a dual vagal reflex control should 
at some point reverse the effects of both CO; and CO,. Experimentally 
CO; retards during inflation, accelerates during deflation and reduces 
amplitude at neutral volume. CO, acceleration during inflation is re- 
versed to retardation during deflation. Lung volume, therefore, im- 
portantly determines the mode of response to chemical influences by chang- 
ing the relative dominance of individual pulmonary reflexes. 

Carbonate apnea is not due to lost excitability, but rather to augmen- 
tation of the vagal stretch reflex, for saphenous stimulation during apnea 
produces super-excessive breathing. CQO, produces its relatively slower 
preathing by depressing vagal accelerating function by chemical vagot- 
omy. Anoxemia produces its relatively rapid breathing by augmenting 
this function. 
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While the present experiments show the great importance of reflexes and 
their modification through chemical changes they are not necessarily op- 
posed to an automatically discharging center under the influence of chem- 
ical and afferent nerve impulse changes. 

It is suggested that the control of heart rate and blood vessel caliber may 
operate on the same principle as that of respiration. 


Factors determining junctional block in hearts and heart strips. A. S. GiL- 
son. Department of Physiology, Washington University School of 
Medicine, St. Louis. 

Experiments upon the spontaneously beating and the driven heart 
under the effects of vagus stimulation and upon heart strips across which a 
compressing clamp has been placed yield qualitatively identical results 
with respect to the development of junctional block. It is concluded that 
three major factors determine the production of block. These are 1, the 
degree of “junctional resistance” which is essentially constant in a normal 
preparation with or without vagus stimulation. It increases with trauma, 
ete. 2. The “exciting value” of the impulse to be transmitted across the 
junction. This value is, in an intact, uninjured heart much greater than 
is necessary to give conduction across any of the junctions at the normal 
heart rate. 3. The excitability of the tissue on the distal side of the 
junction. In a normal tissue this is a function merely of recovery from 
refractoriness. 

The second and third elements may be differentiated experimentally by 
the fact that an impulse may be blocked at a junction either because a 


normal impulse arrives at the junction during a period of refractoriness 
of the distal segment or because a premature impulse arrives at the junc- 
tion and fails to activate the distal segment even though the latter has been 
allowed adequate time for recovery to a normal degree of excitability. 


The interpretation of electrograms obtained from heart strips in a conducting 
medium. A.S. Gitson and G. H. Bisuop. Department of Physiology 
and the Oscar Johnson Institute, Washington University School of 
Medicine, St. Louis. (Read by title.) 

The erroneous assumption has been made (Wilson, Macleod, and Barker, 
1933) that when a heart is exposed in the body, one lead electrode (C) 
being in contact with the heart and the other a remote electrode (R) 
attached to a leg, the recorded electrical changes occur only under C, 
while R remains at an essentially constant zero voltage. The origin of 
this error is evidently assignable to an analogy with the condition that 
when two negligibly small poles of a doublet are considered as oppositely 
and equally charged, one positive and the other equally negative, a func- 
tion of their mean voltage acts upon a remote electrode. This is therefore 
at zero potential. In the heart this condition does not hold. If it did, 
it would be difficult to account for the actuality of the clinical 
electrocardiogram. 

For the case of an immersed heart strip at rest, injury effects will give 
some negativity at a remote lead, R. Consider this potential to be com- 
pensated by the usual devices. Suppose now that the strip be stimulated 
at a point as far as possible from C. R, being acted upon by the mean 
voltage from the surface of the strip will begin to show negativity which 
will increase as the active area spreads over the surface of the strip. C, 
being in contact with resting (positive) heart tissue will remain relatively 
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unchanged. When the wave of excitation encroaches on and develops in 
the region under C, there will be a swing of the galvanometer due to begin- 
ning and growth of actual negativity under C. As the wave of excitation 
passes on beyond C, a greater surface becomes active and the galvanometer 
shows further increase in negativity at R. If C be placed just beyond the 
end of the strip and R several centimeters farther away, the record may 
show no diphasicity of the R-complex. Qualitatively similar though 
quantitatively different changes during the recovery process will produce 
the T-complex. 

The above facts are in harmony with a core-conductor hypothesis of 
tissue activity and they are in accordance with the laws governing the 
distribution of currents in a conducting medium. 


The measurement of mitogenetic radiation from living organisms. Or7rTo 
GLASSER (by invitation). Cleveland Clinic Foundation, Cleveland, Ohio. 
Attempts to measure Gurwitsch or mitogenetic radiations are being 

made with three different methods: 

1. Rather dense yeast suspensions are placed in two tubes—one made 
of quartz and the other (control) of glass—and are exposed to ‘“‘mitogenetic 
radiators” for the duration of from1 minutetol hour. Then 1 cc. of each 
yeast suspension is added to 5 cc. of a peptone glucose medium and permit- 
ted to grow for twenty hours at a constant temperature. At the end of 
this period the yeast is killed with sulphuric acid and the radiated 
(quartz) and control (glass) suspensions are placed in hematocrit tubes 
and centrifuged. The more rapid growth of the irradiated suspension 
is indicated by a longer column of yeast particles in the tube of the rad- 
iated suspension as compared with the control suspension. 

2. Yeast suspensions in quartz and glass vessels are irradiated with 
“mitogenetic radiators’’ for two hours. The increased turbidity of the 
irradiated solution (as compared with the control solution) is measured 
either by its increased absorption of a light beam or by its increased scat- 
tering of a light beam by means of a nephelometer using a zero method 
with two sensitive photoelectric cells and an amplifier system. 

3. The radiation from ‘‘mitogenetic radiators” is measured by directing 
the radiation through a quartz window to a platinum plate which acts as 
the photoelectric material in a photoelectric cell and is connected with a 
Geiger counter. This combination is extremely sensitive and makes it 
possible to measure very slight radiations of ultraviolet light with extreme 
sensitivity. Readings taken when a thin glass plate is placed between the 
counter and the radiator furnish the control count. Discharges in the 
Geiger electron counter are amplified by means of a two-stage amplifier 
and can be heard on a loud speaker and registered on a tape recorder or a 
magnetic counter. 


A study of ketosis in the rat. Wa.tTeR GOLDFARB (by invitation), SAMUEL 
BaRKER (by invitation) and Harotp E. Himwicn. Department of 
Physiology, Yale University. 

The absence of ketosis in the fasting or fat-fed rat has been used as evi- 
dence that the rat can oxidize the ketone acids without the simultaneous 
oxidation of antiketogenic substances. In the present experiments on 
phlorhizinized, fasted and fat-fed rats the foodstuffs metabolized have been 
determined from the oxygen consumption, respiratory quotient, and uri- 
nary nitrogen. Assuming a ketogenic-antiketogenic ratio of 2:1 we have 
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calculated the amounts of acetone that should be excreted and compared 
them to the observed yields. In the phlorhizin experiments the theoretical 
yields approximated the observed yields, and the discrepancies could be 
accounted for by errors in the methods used. The fasting and fat-fed 
rats excreted almost no acetone bodies in a large majority of the experi- 
ments. The non-protein respiratory quotients in most of the experiments 
indicated that a mixture of fat and small amounts of carbohydrate were 
oxidized. If these small amounts of carbohydrate were neglected, the 
theoretical yields of acetone were found to exceed the observed yields in 
32 of 37 experiments. However, when the amounts of carbohydrate 
oxidized were included in the calculations, the theoretical yields were zero 
(as were the observed yields) in 67 per cent of the experiments. The 
amounts of acetone expected in the remaining experiments could be ac- 
counted for by the errors in the methods used. It is therefore probable 
that the rat requires the oxidation of a fairly definite proportion of anti- 
ketogenic substances when acetone bodies are oxidized. 


Effect of oxygen absorbed through the skin upon the vascular reaction to stasis 
and to histamine. SamueL Goupscumipt and Bartcis McGLone. 
The University of Pennsylvania, School of Medicine. 

The forearm, with arrested circulation, in an oxygen atmosphere for an 
appropriate time, fails to exhibit a reactive hyperemia upon reéstablishing 
the circulation; additional evidence of the penetration of the oxygen into 
the skin. 

Sir Thomas Lewis has concluded that the vasodilatation responsible for 
reactive hyperemia is due to an ‘‘H’”’ substance, identical with histamine. 

If so, it must be concluded that, in our experiments in the presence of 
oxygen, the histamine is 1, not produced, or 2, if present it is in an inactive 
form, or 3, is destroyed by the oxygen. 

Lewis postulated that the ‘““H’’ substance is a normal skin constituent 
which accumulates in sufficient amount, when the circulation is arrested, 
to cause vasodilatation. 

The first two possibilities cited above would be excluded by this concept. 
If the histamine is destroyed by oxygen (the third possibility), one would 
expect to find either a diminution or a failure of the usual intradermal 
histamine reaction on the skin of an arm, with or without an arrested cir- 
culation, in oxygen. On the contrary, the reaction is obtained in oxygen 
with as high a dilution of histamine as upon the skin of a control arm 
in nitrogen. 

Likewise the reaction to a scratch, which is alleged to be due to histamine 
released in the skin, is not visibly affected by oxygen. 

The histamine reaction is rendered especially visible on the skin of an 
arm with arrested circulation in oxygen, since it stands out against a back- 
ground of normal skin color. 

For this reason one observes an unmistakable “flare,” a finding incom- 
patible with Lewis’ belief that the histamine flare is exclusively a reflex 
arteriolar dilatation. The capillaries must of necessity undergo an active 
dilatation. 


The effect of the development of the supernormal period on the relatively re- 
fractory period of isolated frog nerve. HrLten Trepway GRAHAM. De- 
partment of Pharmacology, Washington University, School of Medicine, 
St. Louis. 
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In a freshly isolated frog nerve, normal irritability is recovered 7 to 10¢ 
after a response (25-29°C.) ; following this relatively refractory period, the 
period of supernormal irritability is absent or insignificant. If the nerve 
is left in neutral Ringer’s solution or in a moist chamber, and particularly 
if it is experimented upon, supernormality develops and the relatively re- 
fractory period is shortened to 1.5 or 2.50; the absolutely refractory period 
however remains constant. If the recovery of height of action potential 
after a previous response is observed at different times after the isolation 
of the nerve from the body, it will also be found to require a longer interval 
after the response in fresh nerve. Normal height of action potential is 
always regained after the same interval as normal irritability, this interval 
(the relatively refractory period) becoming shorter and shorter as the 
experiment progresses. These progressive changes are complete in $ to 14 
hour, and thereafter the recovery curves and the supernormality remain 
the same for some time. 

When time has been allowed for the development of supernormality, 
maximum irritability is attained after an interval equal in duration to the 
relatively refractory period in fresh nerve. The resting level of irritability 
and the normal height of action potential are constant throughout the 
development of supernormality and the accompanying changes in the 
recovery curves. After these changes have occurred, therefore, the irri- 
tability rises faster than before, reaching a higher level in the same interval, 
and the height also rises faster, reaching the same level in a shorter interval. 
The underlying change must represent an actual modification of the re- 
covery processes. 

In a nerve veratrinized after the relatively refractory period has become 
stationary, the degree of supernormality is increased chiefly through modi- 
fication of the supernormal part of the rising irritability curve, so that the 
relatively refractory period is shortened very little more. The maximum 
irritability is still attained after an interval equal to the relatively refrac- 
tory period in fresh nerve, though in the veratrinized nerve the delay in the 
subsequent fall of irritability prolongs the time during which the irritability 
seems to be practically maximal. 


Modifications of coronary flow during aortic insufficiency, independent of 
changes in mean aortic pressures. Haroutp D. GREEN (by invitation). 
Western Reserve University, Medical School. 

Utilizing the method for measuring coronary inflow demonstrated with 
Gregg at these meetings, the effect of experimental aortic insufficiency on 
mean coronary flow was studied. The coronary rates of flow at perfusion 
pressures ranging somewhat above and below mean aortic pressures were 
measured a, under normal conditions of valve action; b, during temporary 
aortic insufficiencies of different degrees, and c, again under control condi- 
tions when valve action had been restored to normal. In favorable animals 
such a series of tests could be repeated quite a number of times. 

Among the results obtained was the observation that the rate of cor- 
onary flow decreases definitely during the period of insufficiency, despite 
the fact that perfusion pressures were independent of aortic pressures and 
that the latter were kept constant. It therefore is probable, if not quite 
certain, that the altered dynamics of ventricular ejection and filling 
reduces coronary flow during an aortic lesion, independently of effects due 
to alterations of aortic pressure. 
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On the vagus as a pathway of efferent coronary constrictor nerves. CHARLES 
W. Greene. Department of Physiology, University of Missouri. — 
At the last annual meeting evidence ws presented for efferent con- 

strictor nerve pathways by routes other than, or in addition to the vagus, 

probably via the stellate ganglion and the cardiac plexus. 

During the current year surgical resections have been made of the roots 
of the vagi between the ganglion nodosum and the brain. After full de- 
generation the nerves were tested for functional reactions by stimulating 
the degenerated cervical vago-sympathetic trunks. The results of the 
procedure have shown a striking absence of all coronary constriction after 
degeneration. 

An extra dividend in the experiments has been conclusive evidence of the 
presence of coronary dilators in the cervical vago-sympathetic after vagal 
degeneration. The dilators undoubtedly represent pre-post ganglionic 
pathways via the superior cervical ganglia. After vagus degeneration in 
the dog there is uncomplicated and pronounced coronary dilatation upon 
stimulating the inferior cervical ganglion. 

We have secured no further evidence concerning the presence or ab- 
sence of coronary constrictors in thoracic pathways. 


The phasic variations in coronary flow, studied by an autoperfusion method. 

D. E. Greae. Western Reserve University, Medical School. 

The systolic and diastolic variations in the rate of flow in the ramus 
descendens anterior were studied by the improved autoperfusion method 
demonstrated at these meetings. The use of the animal’s own blood in 
place of Locke’s solution may be expected to approximate more nearly 
normal conditions as regards temperature, chemical composition, viscosity 
and hence probably as regards the normal state of the vessels. 

Simultaneous optical records of the fluctuating decline of pressure in the 
perfusion manometer together with pressure records from the aorta or left 
ventricle were taken. Beats in which the perfusion pressure levels com- 
pared reasonably to existing aortic pressures were selected for study. 

Normal records show the following characteristics: During isometric 
contraction, the coronary flow decreases abruptly to a negligible amount or 
it may even exhibit a momentary slight backflow. The flow is practically 
stopped to about the end of reduced ejection, sometimes increasing slightly 
toward the end of systole. The rate of flow accelerates slightly as intra- 
ventricular pressure drops during isometric relaxation and the maximum 
rate of onflow is not reéstablished until after this event. 

The results more nearly agree with the interpretations of Anrep and his 
associates than with those recently reported by Wiggers and Cotton, 
from which they differ in 1, that at comparable aortic and perfusion pres- 
sures, systolic flow is a negligible quantity, and 2, that the resumption of 
diastolic flow is gradual, not abrupt. The cause of these discrepancies is 
being studied. 


Demonstrations of phasic variations of coronary flow by an autoperfusion 
method and of the effects of aortic insufficiency on mean coronary flow. 
DonaLp Grece and Harotp GREEN (by invitation). Western Re- 
serve University Medical School. 

The optical method for studying phasic variations in coronary flow 

(Cotton and Wiggers) has been improved in the following particulars: 
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1. The animal’s own blood (heparinized) was substituted for Locke’s 
solution as a perfusion fluid for the anterior coronary artery. 2. A metal 
syringe was used as the compression chamber to create the driving force 
for coronary perfusion under a declining pressure. 3. During an experi- 
ment blood from the dog’s right carotid was delivered by a shunt tube 
into the coronary artery. When a record was desired a portion of the 
carotid blood was diverted into the driving reservoir, placed under pres- 
sure and then by a second stopcock the shunt circuit was shut off and the 
reservoir connected to the coronary artery. 

A modification of the method of testing the mean rate of coronary in- 
flow, when saline solutions are employed, was also demonstrated. A 
large bore mercury manometer with a float serves as a recorder for both 
volume flow and coronary pressure at any instant. Simultaneous regis- 
tration of mean carotid pressure readily allows an evaluation of mean flow 
at corresponding perfusion pressures. The use of the method to study 
the effects of aortic insufficiency was demonstrated. 


Blood sugar changes during sixty-hour fasts. EstHer M. GREISHEIMER. 

The University of Minnesota. 

The decrease in blood sugar during fasts of sixty hours has been deter- 
mined in a group of eleven adults (7 women and 4 men), who were either 
students or instructors. Water, black coffee, and clear tea were allowed. 
Each subject did his usual work during the fast. 

The blood was drawn after twelve, thirty-six, and sixty hours of fasting. 
The sugar was determined (in duplicate) by the Shaffer-Somogyi method. 
The following values were found: 


| 
AFTER AFTER | AFTER 
| 12 HOURS 36 HOURS 60 HOURS 


| mgm. per cent | mgm. per cent | mgm. per cent 
Entire group 84.96 69.01 | 60.70 


The women showed a decrease of 30.52 per cent (25.73 mgm.) and the 
men a decrease of 25.17 per cent (21.67 mgm.). The women showed a fall 
of 21.63 per cent during the first thirty-six hours, and the men a fall of 13.87 
per cent during this time. In this group, therefore, the women showed 
70.89 per cent of the total fall, and the men 55.10 per cent, during the 
first thirty-six hours. It seems, then, that the fall is more rapid in women 
during the early stages of the fast. 

Four women and one man showed acetonuria after thirty-six hours, and 
all the subjects except one woman showed acetonuria after sixty hours of 
fasting. 

The weight loss varied from four to ten pounds during the fasting period. 


Indications of an antagonism by certain substances to the differentiation factor 
in thyroxin. F. Guprrnatscu and O. Horrman (by invitation). New 
York University, Washington Square College, New York City. (Read 
by title.) 
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In amino acid experiments previously reported, we observed a phys- 
iological antagonism between arginine (growth factor) and thyroxin 
(differentiation factor). Further investigation of this antagonism in- 
cluded ornithine and guanidine, structurally related to arginine, and urea. 
Amphibian tadpoles were treated with these substances by immersion 
(1:1000 solutions) or repeated injections (1, 5 or 10 mgm). After several 
weeks, they received thyroxin, resp. diiodotyrosine. No other N was 
supplied in the diet. In some control sets, alanine or cysteine provided 
a check on N influence. 

Immersion: Rana sphenocephala. With arginine, onset and progress 
of thyroxin effect were definitely retarded, the life period was longer than 
in thyroxin alone. The ornithine group showed greater response to 
thyroxin than arginine, in time and extent, almost equaling the thyroxin 
control. Alanine paralleled, cysteine (growth factor) fell slightly behind 
control.—Rana sylvatica. Alanine and cysteine were somewhat behind 
diiodotyrosine, arginine more; guanidine slightly in advance at first, 
later somewhat behind; urea at first equaled, later ran ahead of diiodo- 
tyrosine. Alanine equaled thyroxin, cysteine kept somewhat behind, 
arginine more, guanidine slightly. Urea was the first to show initial 
thyroxin changes, later it paralleled thyroxin. In a Bufo experiment, 
ornithine retarded the thyroxin and diiodotyrosine effects. 

The retarding arginine effect, varying in intensity, was observed in five 
additional experiments, including Rana catesbiana (young). 

Injection, three experiments: Rana catesbiana (old). 1. In arginine- 
thyroxin, metamorphosis onset occurred definitely behind thyroxin, the 
effect appearing gradually; later somatic changes lagged behind control, 
except the very last. In ornithine there was more tail resorption, other 
changes about paralleled the control, with some specimens ahead. In urea, 
no retardation, even slight advance. 2. In arginine-thyroxin, onset slightly, 
later effects markedly behind thyroxin; in this set occurred the latest meta- 
morphosis, death. Urea-thyroxin group was much ahead of arginine, 
slightly behind thyroxin. 3. Metamorphosis changes appeared as fol- 
lows: thyroxin about equaled arginine 5 mgm., ahead of ornithine 5mgm., 
ahead-of arginine 10 mgm. 

In immersion experiments, arginine gave definite, ornithine slight in- 
dications of delaying the thyroxin effect, guanidine was indefinite; urea 
had no such effect. By injection, arginine also delayed; ornithine and 
urea were indefinite, perhaps even making the organism more susceptible 
to thyroxin. 


The respiratory quotient as a guide to mealtime intervals. Howarp W. 
Haaccarp and Leon A. GREENBERG. Laboratory of Applied Phys- 
iology, Yale University. (Read by title.) 

A method for rapidly determining the respiratory quotient has been 
developed. With its use the respiratory quotient at hourly intervals was 
determined on 400 normal subjects eating meals at various intervals. A 
definite correlation was found between the appearance of hunger and the 
level of the R.Q. Ona number of subjects the blood sugar was also deter- 
mined, and its variations were found to correspond closely with those of 
the R.Q. and with hunger. 
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An improved model of the hypodermic manometer and some tracings illus- 
trating physiological applications and damping with viscous fluids. W. F. 
HaMILTON, GEORGE BREWER (by invitation) and Irving BroTMaNn 
(by invitation). George Washington University. (Demonstration.) 
Certain recently described changes in the manometer demonstrated 

at the last meeting of this society are shown. These consist of modifica- 

tions in the method of attaching the mirrors, the flexible membrane and 
the lead tube. It has been made much more convenient to control the 
direction of the light beam and to enter the vascular system with a cannula 

(Luer needle) on the end of a long flexible lead tube. It has been possible 

to keep the frequency of the instrument about 200 cycles per second and by 

filling it with fluids of increased viscosity it has been rendered practically 
aperiodic without appreciably slowing its time of response. Records are 
shown which illustrate the use of the manometer. 


Circulatory responses to acetylcholine in normal dogs and in dogs with ex- 
perimental aortic regurgitation with a preliminary note on the pericardium. 
W. F. Hamiton, Irvine Brorman (by invitation) and GEorGr BREWER 
(by invitation). George Washington University. 

The fact that effective doses of acetylcholine produce smaller blood 
pressure effects upon unanesthetized man than they do in the anesthetized 
dog is probably due to the freer play of compensatory mechanisms in the 
unanesthetized organism. To compensate for the vasodilatation produced 
by acetylcholine one would expect to find a marked increase in cardiac 
output. This is denied in man by Weiss who has used the acetylene 
method of Grollman and by Starr et al. who administered the acetyl- 
choline by mouth. Since the method of Grollman is not well adapted to 
follow marked increases in the output when these aré accompanied by a 
marked shortening of the circulation time, we have decided to present data 
concerning the cardiovascular responses of the unanesthetized dog to 
acetylcholine. Our results are as follows: 

In the unanesthetized normal dog 2 mgm. of acetyl-beta-methyl- 
choline chloride produces a slight fall of blood pressure, a marked reflex 
cardio-acceleration, a decided quickening of the velocity of blood flow and 
a large increase in the volume flow. 

In dogs with chronic experimental aortic regurgitation, the cardio- 
acceleration does not usually occur and the increased volume flow is 
produced by an increased stroke volume. 

The fact that the total circulation time is reduced to a half or a third 
normal in the unanesthetized dog renders doubtful the applicability of the 
techniques previously used in studying the human cardiac output under 
acetylcholine and explains why such work indicates that the drug pro- 
duces no change in the cardiac output even while producing marked 
symptomatic changes. 

Two of us with the help of Miss Leah MacArthur have performed pre- 
liminary experiments in which the pericardium was opened and the dog 
allowed to recover. When one leaflet of the aortic valve was ruptured the 
animal died of acute pulmonary congestion and right ventricular dilata- 
tion. These sequelae do not ordinarily occur when the pericardium is 
intact. 
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Liver treatment in experimentally produced polycythemia. Lov1s—E HANSON 
(by invitation) and EUGENE DE Savitscu (by invitation). Physiological 
Laboratory of the University of Chicago. 

In order to determine whether the liver may exercise a regulatory control 
upon the erythrocyte count not only when this is lowered, as in anemia, 
but also when it is high, as in polycythemia vera, a number of white rats 
with experimentally produced polycythemia vera were treated with intra- 
muscular injections of a potent liver extract. Polycythemia was induced 
by a whole milk diet supplemented by cobalt, iron, copper and manganese. 

The results on hand indicate that the administration of liver causes a 
brisk though not sustained fall in the erythrocyte count, which, however, 
reached the normal level in only a few cases. 


On the measurement of skin temperature and body radiation. JAmeEs D. 
Harpy (by invitation). The Russell Sage Institute of Pathology 
in affiliation with the New York Hospital and the Department of Medi- 
cine, Cornell University Medical College. (Paper and demonstration.) 
(Read by title.) 

A radiometric device for measuring skin temperature and body radiation 
has been developed which is portable, rugged, and accurate. The in- 
strument embodies the ‘‘thermo-level’’ principle of Aldrich and has the 
advantage of being much simpler and easier to use. Radiation values are 
accurate to + 0.1 small cal/sec/m2, and skin temperature to + 0.1°C. 

Many of the ordinary instruments which are used in skin temperature 
and radiation work have been studied from experimental and theoretical 
points of view. ‘The many errors incurred in such work have been traced 
as being inherent in the methods. 

The radiating characteristics of the human body have been investigated 
and measurements have been made under various atmospheric conditions 
on several normal subjects. 


Contraction types in the excised rat uterus and their relation to intra-uterine 
tension. -O. G. Harne (by invitation) and E. E. Parnter (by invita- 
tion). Department of Physiology, School of Medicine, University of 
Maryland. 

Contraction types in the excised rat uterus may be divided into two 
groups: 1, regular, including maximal and submaximal responses; 2, 
irregular, including all the composite forms. 

The first group is observed in all excised uteri which before excision were 
distended, and in tonic empty uteri when the circular muscle is inactive, 
or if active, relaxes during the course of a longitudinal contraction. 

The second group may be considered contraction types arising from dis- 
organization of the two muscle systems, e.g., where there is no compensa- 
tory relaxation of the circular muscle during longitudinal shortening. 
This permits a rise in intra-uterine tension with each longitudinal con- 
traction, which may reach 15 mm. Hg and involve either the entire horn or 
a local area, as between contracting rings of the circular muscles. Intra- 
uterine tension thus generated excites the uterus to activity, raises the 
muscle tonus and increases the contraction rate. 


A peristaltic wave is capable also of interrupting the longitudinal con- 
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traction cycle, and thus produces steps at points in the contraction cycle 
where they pass. If the interruption lasts a sufficient time, and intra- 
uterine tension is maintained high (15 mm. or more), a new contraction or 
series of contractions occurs from a higher tonus level, and at an increased 
rate. These distortions of the contraction cycle coincide with either the 
passage of a peristaltic wave or the establishment of a high general or 
local intra-uterine tension. 


Reflexes evoked by stimulation of fibres of lowest threshold. A. 5. Harris 
(by invitation). Physiological Laboratory, Washington University 
School of Medicine. 

The properties of various cutaneous nerves of the hind limb of the bull- 
frog have been studied by 1, stimulation and registration of the reflex 
response; 2, observations by means of the cathode ray oscillograph, and 
3, histological methods. The nerve which has been most thoroughly 
studied is the ramus cutaneus cruris posterior of the tibial nerve, supply- 
ing the skin posterior to the gastrocnemius muscle. 

The outstanding reflex response to repeated electrical stimulation of this 
nerve is ipsilateral extension. The threshold of this extensor reflex evoked 
by rapid stimulation is of the same order as the threshold of a motor nerve 
of the same frog. The conduction rate of the fastest fiber in the nerve 
has been found to be approximately the same as that of the fastest con- 
ducting fiber in the sciatic. The largest fiber is always about as large as 
as the largest fiber in the sciatic, fibers of twenty-four microns diameter 
having been found in two of the many slides examined. Usually the 
largest fibers in both nerves are eighteen to twenty microns in diameter. 

The findings on this nerve thus differ from earlier data with respect to 
the size and conduction rate of the largest fibers in cutaneous nerves. 
Both Erlanger and Sherrington found the largest fibersin skin nerves studied 
by them to be smaller than the largest fibers in muscle nerves. Cor- 
respondingly, Erlanger showed that the cutaneous nerves studied had 
slower conduction rates than did the fibers contributing to the alpha 
potential wave. 

Some evidence has been collected on other cutaneous nerves of the leg 
and foot which indicates that they correspond with ramus cutaneus 
cruris posterior as to quality of reflex response and its threshold, size of 
the largest fiber, and conduction rate. These cutaneous nerves containing 
large rapidly conducting fibers mediate ipsilateral extensor reflexes of 
locomotion or posture. 


The spectral sensitivity of single visual sense cells. H. K. Harting and 
C. H. Granam. Johnson Foundation, University of Pennsylvania. 
The effect of various wave-lengths of visible light in the stimulation of 

single visual sense cells has been studied by means of the single fibre prep- 

aration from the eye and optic nerve of Limulus. Oscillographic records 
were made of the discharge of impulses in a single optic nerve fibre, in 
response to stimulation of the attached sense cell by light from different 
regions of the visible spectrum. Wratten monochromatic filters supplied 
the means for obtaining the spectral lights; the total intensity transmitted 
by each filter being determined by a thermopile and galvanometer. 

The response of the single visual sense cell does not vary qualitatively 
with wave-length of stimulating light; by properly adjusting the intensity, 
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responses can be obtained which are identical, impulse for impulse, for all 
the spectral lights used. The reciprocals of these intensities necessary to 
produce a constant response, plotted against wave-length, give the visi- 
bility curve of the single sense cell. This curve is symmetrical about a 
maximum at ca. 520 muy, falling off to low values in the red and in the 
violet. It closely resembles the visibility curve of human rod vision, with 
the maximum somewhat displaced. 

Bundles from the optic nerve, containing several active fibres whose im- 
pulses can be distinguished by differences in size and shape, were used to 
determine whether there is any differeutial sensitivity among sense cells 
of the same eye, in different regions of the spectrum. Such a differential 
sensitivity has been found to exist in the eye of Limulus, and may be 
considered a peripheral mechanism of color vision. 


Water shift in adrenal insufficiency. F. A. Hartman, C. A. WINTER (by 
invitation), and K. A. BRowNELL (by invitation). University of Buffalo. 
Muscles from adrenalectomized rats when placed in hypotonic salt 

solution imbibe water faster than those from normal animals. Similar 

muscles lose their water more rapidly in hypertonic solution than normal 
muscle. The more rapid passage of water in either direction through the 
cell membrane may indicate a greater permeability. 

We have earlier demonstrated that adrenalectomy causes an increase 
in water content of skin in rais, and it has been shown by other workers 
that excretion of sodium chloride is markedly increased in this condition. 
Since chlorides play an important part in the osmotic balance of the body 
fluids, and therefore in the distribution of water to the various tissues, it 
was deemed important to study chloride shift in various tissues and thus 
determine which are most involved in the loss of total body chloride. In 
rats, skin, muscle, whole blood, and brain were studied. The only signifi- 
cant change was in skin, which showed a decrease of chloride content after 
adrenalectomy. A study of skin, muscle, plasma, and corpuscle chlorides 
in cats showed the most marked decrease in muscle after adrenalectomy, 
with lesser but perhaps significant decreases in plasma and corpuscles. 
There seems to be indication, in these findings, of a species difference in 
chloride shift after adrenalectomy. 


Gastric acidity as influenced by exercise, psychic disturbance and anoxemia. 
Frances A. HELLEBRANDT, ELIZABETH BRoGDON (by invitation) and 
Sara L. Hoopes (by invitation). Department of Physiology, Univer- 
sity of Wisconsin. (Read by title.) 

Previous experiments had shown that strenuous exercise may at first 
depress the initial secretory response of the stomach to various test meals. 
The disappearance of the inhibitory effect as a result of the repetition of 
measured work has been confirmed. After a variable training period 
severe exercise may be carried on without disturbing the digestive work of 
the stomach. Experiments have been directed at an explanation of the 
initiatory restraining effect. 

* Healthy young adults acted as subjects. By fractional analysis and 

continuous intubation the normal resting gastric secretory response was 

determined to 400 cc. of oatmeal gruel taken by mouth, to 50 cc. of 7 per 
cent alcohol administered via stomach tube, and to ergamine acid phos- 
phate given subcutaneously in doses of 0.1 mgm./10 kilos body weight. 
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The effect of three conditions upon these responses was then studied: 
psychic disturbance, exercise and anoxemia. Emotional stress was rela- 
tively ineffective. Both exercise and anoxemia reduced the acid secretion 
which followed the ingestion of oatmeal gruel and of alcohol, but failed to 
significantly alter the response to histamine. The evidence suggests that 
the inhibiting effect of exercise upon the secretory power of the stomach is 
the resultant of a failure in the release of the gastric hormone rather than an 
effect upon the secreting cells themselves. If the stimulant to the secreting 
cells is artificially introduced, they function normally even in the face of 
marked anoxemia. 


An amplified ballistic method for the measurement of the e.m.f. of the glass 
electrode. ALLAN Heminaway. Department of Physiology, University 
of Minnesota. 

For biological pH measurements the glass electrode has many advantages 
over the standard methods. The wide use of the glass electrode has been 
prevented by the difficulties involved due to the high electrical resistance 
of the membrane and the change of the membrane e.m.f. when a small 
amount of continuous current is drawn from the system. These difficulties 
have been eliminated by using the amplified ballistic method. In addition, 
the apparatus has the following advantages: 1, stability; 2, low cost of 
operation and of apparatus; 3, elimination of shielding; 4, rapidity of 
measurement; 5, accuracy with portable set to 0.02 pH. 

The glass electrode assembly is connected in series with a potentiometer 
and to the plates of a condenser. A tapping key disconnects the glass 
electrode and connects the condenser across the grid resistance of the first 
tube of a two stage amplifier. A microammeter (full scale, 100 micro- 
amperes) in the plate circuit of the second tube records changes of plate 
current as a ballistic throw when the condenser is discharged. When the 
potentiometer voltage is equal to the voltage of the glass electrode assembly 
the ballistic throw is zero. 

The vacuum tube filaments are supplied by current from four dry cells 
and the B batteries are of the smallest size. The two tubes are: a no. 34 
in the first stage and a no. 49 in the second. 


A potentiometer for the measurement of the e. m. f. of the hydrogen, quinhy- 
drone and glass electrodes. ALLAN Heminaway. Department of Phys- 
iology, University of Minnesota. (Demonstration.) 

A portable potentiometer and vacuum tube circuit for the measurement 
of the e.m.f. of electrodes used for pH determination has been constructed 
using vacuum tubes operated on dry cells and using a low sensitivity gal- 
vanometer. The circuit is stable, no shielding of the glass electrode is 
necessary, and an accuracy of 0.02 pH is possible. 


Asphyzial hyperpnea and the sinus caroticus. YANDELL HENDERSON and 
Leon A. GREENBERG. Laboratory of Applied Physiology, Yale 
University. 

The evidence at present is that deprivation of oxygen acts upon respira- 
tion through the sinus caroticus. In accord with this view we find that 
after excision of both sinuses inhalation of pure nitrogen induces no increase 
of breathing during the first 40 to 60 seconds of the asphyxia. But we 
find also that, if the asphyxia is continued into a second minute, hyperpnea 
does develop. 
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The effect of the digestion of food on the blood flow from the liver of the dog. 
Juuia F. Herrick, F. C. Mann, Hrram E. Essex and E. J. BALpgs. 
The Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
Modification of the thermo-stromuhr method of Rein has made possible 

observations on the blood flow from the liver over periods of one to eighteen 

days following placing of the unit (diathermy-thermo-element) on the 
blood vessel. The surgical procedures necessary to permit the blood flow 
from the liver to be measured in a single vessel (thoracic portion of the 
posterior vena cava) have been described in a previous abstract. Briefly 
it consists of occluding the posterior vena cava just caudal to the entrances 
of the hepatic veins. The blood flow from the liver has been observed 
following fasting and during the digestion of food. In each experiment 
observations were made for at least one hour before feeding. A meal com- 
posed of milk (250 ece.), eggs (2) and glucose (1 gram per kgm.) produced 
an average increase in blood flow of about 54 per cent. The highest flow 
occurred during the second or third hour following the meal and a return 

to about the initial level required about five hours. In a dog weighing 7.8 

kgm. the blood flow from the liver on three successive days was 500 cc., 

552 ec. and 408 ec. per minute. The maximum increases following a milk- 

egg-glucose meal were 890 cc., 885 cc. and 655 ce. respectively. A meal of 

cooked meat and cereal produced as much as a 74 per cent increase in 

blood flow with a maximum during the second hour after feeding and a 

return to about control value in six hours. 


Reactions of blood-vessels of the brain-stem and spinal cord and their relation 


to circulatory and respiratory regulation. Aurick B. HertTzMaNn and 

FLorENT E. FRANKE (by invitation) with the assistance of L. D. SEAGER 

(by invitation) and E. SomkKrn (by invitation). Department of Phys- 

iology, St. Louis University School of Medicine, St. Louis. 

Blood-vessels on the surface of the pons, medulla and cervical portion 
of the spinal cord of the dog under morphine-urethane anesthesia have 
been observed through specially designed windows inserted through the 
floor of the cranium and atlanto-occipital membrane retairing the closed- 
box mechanics of the cranium and vertebral column. Photography using 
shutter times from 0.01-0.002 second, permitted simultaneous measure- 
ment of arteries and veins with an error of 0.005 mm. or less. Vessels 
varying from 0.015 mm. to 0.350 mm. have been studied. The majority 
of vessels have been in the size range 0.06 mm. to 0.16 mm. 

The following statements are based on 5000 measurements on 47 arteries 
and 29 veins in 14 dogs during 64 experimental disturbances in the circu- 
lation, respiration and blood chemistry. 1. These blood-vessels have been 
remarkably unresponsive, their diameters often remaining constant within 
the limits of error of measurement. Changes in diameters have been 
usually less than 0.1 mm. although in a few cases they have been larger. 
2. Small arterial anastomoses were more reactive, changes in diameter as 
large as 30 per cent being observed in several cases, the anastomosis some- 
times showing local constrictions or dilatations. 3. When changes in 
diameter occurred, they appeared to be passive, running parallel to the 
changes in arterial pressure. There were very few exceptions to this. 
These observations stand in sharp contrast to the reactiveness of the pial 
vessels of the cerebrum. 

Our data are in accord with the concept that the blood supply of the 
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brain-stem is primarily dependent on arterial pressure and is not subject 
to an important local control, nervous or chemical. We do not extend 
this concept to other parts of the brain. 

We have seen large changes in the blood-flow through the vessels of the 
pons and medulla in several instances (e.g., occlusion of vertebral arteries) 
to be without noticeable effect on the heart rate, blood pressure and respi- 
ration. This suggests that the activities of the circulatory and respiratory 
centers may be relatively undisturbed by changes in their blood supply 
within wide limits. 


Ketogenic diets. The means of eliminating acids by the human kidneys. 
Harovp L. Hiaains and ANGELIA CourTNEY (by invitation). Harvard 
University. 

Data are presented of twelve observations, each extending over several 
weeks, in which a high fat (ketogenic) diet was fed to children. In the 
early stages of the diet the hydrogen ion concentration, the titratable 
acidity and the phosphate of the urine are increased; later these constit- 
uents become smaller, but the urinary calcium, ammonia and total organic 
acids increase. 


Observations on skin temperatures in hind limbs deprived of their sensory and 
sympathetic nerve supply. J. C. Hinsry. Department of Anatomy, 
Stanford University. (Read by title.) 

The right hind limbs of five adult cats were deafferented by section of 
appropriate dorsal roots. Skin temperatures (thermocouple, and ther- 
mometer between the foot-pads) were followed for a year on correspond- 
ing areas of the shaved skin on the medial surface of the thigh and from 
the foot-pads. The right limb (particularly foot) was significantly cooler 
than the left (less evident in a warm room 23-28°C. than in a cool room 
15-22°C.). This could be felt by disinterested observers. After a year, 
these animals were subjected to a right abdominal sympathectomy (L2 
L7). Immediately following the sympathectomy, the right limb, w hich 
had been cooler, became warmer (as much as 6-7°C.) than the left ‘normal 
one, and in most instances still remains so after 20 months, although differ- 
ences are not so great (1-2°C.) in some. 

In another series, 3 cats were sympathectomized (right abdominal). 
One year later, the right limb (in a cool room) was significantly warmer 
(2-4°C.). Then two of these cats were deafferented by section of appro- 
priate right dorsal roots. The right foot still remained significantly warmer 
in both instances and still continues to be after 18 months (2—4°C., thermo- 
couple on foot-pads in room 15-17°C.). A similar difference has been 
seen in a cat that was subjected to a unilateral abdominal sympathectomy 
17 months ago. 

Since our observations are continuing, no autopsies have been made. 
Deafferentation alone causes a reduction in skin temperature on the 
operated side. This seems to be due to an ov eractivity of the sympathetic 
vasoconstrictors because it disappears and gives way to a warmer than 
normal limb following sympathectomy. Vessels that have been sympa- 
thectomized for as long as 30 months have not regained their tonus to a 
degree enabling them to cope in a normal manner with conditions in a 
cool room. The importance of room temperatures, emphasized by Rei- 
chert (1932, Proc. Soc. Exp. Biol. and Med., 29, 473), is confirmed. The 
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differences are more marked in the foot-pads than in the more proximal 
portions of the limb. 


The physiological control of judgments of duration. Hupson HoaGuanp. 

Physiological Laboratory, Clark University. 

Judgments of short durations, as determined by counting seconds, vary 
with the internal body temperature and appear to be described by the 
Arrhenius equation over the range of 3.2°C. The speed of counting in- 
creases with temperature. A temperature characteristic of 24,000 calories 
is found for my own data and for those of Francois. These sets of data 
were taken independently, for different purposes, and by the use of differ- 
ent experimental procedures. It is suggested that judgments of duration 
may depend on the velocity of a particular chemical reaction (clock) in 
the nervous system, probably irreversible in nature, and catalyzed in a 
particular manner corresponding to u = 24,000 calories. Sensorimotor 
activity apparently increases the absolute speed of the chemical clock 
without changing the value of u. 

The effect of temperature on the time sense is found to be very similar 
to its effect on certain processes of central nervous origin in cold-blooded 
animals. Motor activity has been found to modify these processes in a 
way similar to that in which it modifies the time sense. The value of 
u = 24,000 calories is common to a variety of biological systems and is 
generally associated with respiratory phenomena in cells. 

Physiological factors involved in the estimation of long durations are 
discussed. 


Corticospinal fibres originating in the premotor area and their terminal dis- 
tribution. E. C. Horr. Laboratory of Physiology, Yale University. 
The boutons terminaux occurring on neurones of the central nervous 

system undergo degenerative hypertrophy and granular disintegration 

following section of their axones (E. C. Hoff, Proc. Roy. Soc., 1932, B exi, 

175). This synaptic degeneration, which reaches a maximum three days 

after the lesions, has now been used to investigate the terminal distribution 

of fibres originating in the premotor area (Brodmann’s area 6). 

In normal adult monkeys (Macaca mulatta), area 6 was removed asep- 
tically. Forced grasping and other manifestations of premotor injury 
were present, and subsequent histological examination demonstrated 
that there had been no damage to Betz cells. Study of the cords of these 
animals, sacrificed 72 hours after operation, revealed degenerating boutons 
in the entire cord as far caudally as the lower lumbar segments. As shown 
by this degeneration, corticospinal fibres from area 6 terminate chiefly 
in the mid-region of the contralateral gray matter somewhat more mesially 
than do fibres from the motor area. Some fibres end around ventral-horn 
cells directly. Degenerating boutons are found more sparsely on the 
uncrossed side both in the mid-region and in the ventral horn. 

Bouton degeneration was also studied in monkeys in which superficial 
cortical incisions were made between motor and premotor areas with histo- 
logical confirmation that there had been no encroachment upon the motor 
area. In these experiments the degeneration was similar to that found 
upon complete removal of the premotor area. Many fibres from area 6, 
therefore, run into the motor area and proceed into the cord with the pyram- 
idal fibres. On the basis of the richer bouton degeneration after complete 
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destruction of area 6, it is probable that extra-pyramidal corticospinal 
fibres from the premotor area also exist. This is in harmony with Bucy’s 
observations (Arch. Neurol. Psychiat., 1933, 30, 1205) that the premotor 
area is excitable after the motor area is destroyed. 


Further studies on amino acids in development. O. HOFFMAN (by invitation) 
and F. GuprernatscH. New York University, Washington Square 
College, New York City. 

In previous studies on development we found, when feeding a N free 
basal diet plus a-amino acids, maintenance best in glycine, alanine or 
leucine (M acids); growth in arginine, lysine, cystine or cysteine (G); 
differentiation in phenylalanine, tyrosine or tryptophane (D). Further 
experiments aimed to determine which acid mixtures, if any, would best 
facilitate development, total acid concentration being the same (1: 1000) 
in all mixtures. Rana sylvatica tadpoles (two sets) were used. 

Set A—1. 1 G (cysteine) + 1 M (alanine; leucine) — good maintenance, 
quite good growth, in alanine some differentiation. 

2. 1G (cysteine) + 1 D (phenylalanine; tyrosine; tryptophane) — poor 
maintenance, fair growth (tyrosine > tryptophane > phenylalanine) 
some differentiation. 

3. 1 G (eysteine) + 1 M (alanine; leucine) + 1 D (phenylalanine, 
tyrosine; tryptophane) — poor maintenance, quite good growth, good 
differentiation. Alanine + phenylalanine and leucine + tryptophane 
were the poorest groups. 

4. 2 G (cysteine, arginine) — poor maintenance, quite good growth, poor 
differentiation. 

5. 2 G (cysteine, arginine) + 1 M (alanine; leucine) — good mainte- 
nance with leucine, not with alanine ; quite good growth, little differentiation. 

6. 2 G (eysteine, arginine) + 1 D (tryptophane) — good early mainte- 
nance, very good growth, quite good differentiation. 

7. 2G (eysteine, arginine) + 1 M (alanine; leucine) + 1 D (phenylala- 
nine; tyrosine; tryptophane) — poor maintenance, except alanine + tryp- 
tophane; growth in general good, not in alanine + phenylalanine, nor in 
alanine + tyrosine; differentiation moderate when life span long enough. 

Set B—1. 2 G (cysteine; arginine; lysine; in combinations of two) + 2 
D (phenylalanine, tryptophane) — maintenance, growth, differentiation 
best in cysteine + arginine + phenylalanine + tryptophane. 

2. 2 G (see 1) + 2 D (phenylalanine, tyrosine) — maintenance, growth 
best in cysteine + lysine; differentiation in arginine + cysteine. 

3. 2 G (see 1) + 2 D (tyrosine, tryptophane) — maintenance best in 
cysteine + lysine + tyrosine + tryptophane; growth poor in all; differen- 
tiation best in cysteine + arginine + tyrosine + tryptophane. 

In entire set B differentiation was best in cysteine + arginine + tyro- 
sine + tryptophane; next in cysteine + arginine + phenylalanine + tryp- 
tophane; next in cysteine + arginine + phenylalanine + tyrosine. 

While these data allow no final conclusions, the weight of evidence points 
in the same direction as previous observations, viz., that specific amino 
acids are of specific value for either maintenance, growth or differentiation. 
Number and variety of acids in a mixture determine the physiological value 
of the mixture for the normal progress of development. 
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Direct determination of the freezing point of normal mammalian and neo- 
plastic tissues. EvetYN Howarp. Laboratory of Physiology, Johns 
Hopkins University School of Medicine. 

Freezing point determinations on tissues have been made by means of 
thermocouples inserted between pieces of isolated tissue. Samples of tis- 
sue are removed from rats or rabbits under amytal anesthesia, and quickly 
inserted into precooled tubes at 1 to 2°C. to minimize autolytic changes in 
the tissue. Reduction of the animal’s temperature to 26° (rectal) by 
means of ice packs under anesthesia was easily accomplished and was 
employed to reduce tissue metabolism and to facilitate the cooling of the 
isolated tissue. With these precautions it was found possible to obtain 
tissue freezing points which agreed with that of the blood to within 0.00 
to 0.05°C., depending on the kind of tissue. If the animal is killed by a 
blow on the head, tissue freezing points are higher than when tissue is 
obtained under amytal anesthesia. If the tissue is allowed to stand for | 
thirty minutes at room temperature, the tissue A may rise to nearly double © 
that of the blood. Hence freezing point determinations should be of value 
as a check on the amount of autolysis occurring during tissue removal for 
analyses. Autolysis, as determined by the increment in freezing point 
depression, is considerably greater for liver than for brain, salivary gland, 
testis, or neoplastic tissue. 

Various rat sarcomata and the Brown-Pierce rabbit carcinoma were found 
to have normally the same freezing point as blood in spite of the fact that 
they have a higher water content than adult somatic tissue. Hence the 
difference in water contents between normal and neoplastic tissues is not 


maintained as a result of a difference in the potential osmotic pressure of 
the total molecular constituents. 


The blood sugar level after insulin and epinephrine. M. Carouine Hrv- 
BETZ (by invitation). The Department of Physiology, Columbia 
University, New York City. 

With 1300 observations on the blood sugar level of rats 20 minutes, 40 
minutes, 1, 14, 2, 23, 3, 33, 4, 5 and 6 hours after the injection of } unit of 
insulin per kilo, the greatest drop occurs in the first 20 minutes. The 
curve reacties its lowest point 1 hour after injection. In 6 hours the curve 
has not returned to the original level, due, probably, to the effects of 
inanition. 

With 1000 observations made at 5, 15, 30, 45 minutes, 1, 14, 2 and 4 
hours after given doses of epinephrine, the blood sugar reaches its highest 
level in 14 hours and has not returned to the normal level in 4 hours. 

In another experiment, a series of 50 observations was made on normal- 
fed rats every 3 hours during the day. The means of the two series check 
within 2mgm. ‘The failure of the above curves to return to normal in the 
allotted time cannot be attributed to diurnal variation. 


Urethral clonus. C. B. Huaains, H. R. McCarrout (by invitation), and 
H. E. Haymonp (by invitation). Department of Surgery, University 
of Chicago. (Read by title.) 

A striking rhythmical contraction of the membranous portion of the 
urethra in male dogs was observed when the urethra was distended with 
fluid. This clonus was best observed when the abdominal cavity was 
opened under light ether anesthesia, the urinary bladder compressed 
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manually, while the anterior urethra was simultaneously occluded with 
the fingers, so that urine was forced into the urethra distending it. At a 
tension of 15 to 30 mm. Hg, rhythmical movements occurred and con- 
tinued for as long as 5 minutes: following the release of pressure there is an 
“after discharge’’ while the intra-urethral tension is falling. The rhythmical 
contractions were abolished by 1, moderate or deep ether anesthesia; 2, 
section of the medullated internal pudic nerves. The rate was fairly 
uniform, about 3 contractions per second. Compression of the bladder 
was not essential for development of the clonus: it occurred when the 
membranous urethra was distended by injecting fluid into it through a 
catheter in the urethra. The clonus was not observed in female dogs. 
Relationship to mechanism for ejaculation of semen. 


Changes of electrical resistance in nerve during block by cold. 1. F. HumMon, 
Jr. (by invitation) and T. E. Boyp. Department of Physiology and 
Pharmacology, Loyola University School of Medicine, Chicago. 

Using alternating current from a vacuum tube oscillator, with a bridge 
and telephone, we have followed the changes of resistance in frog nerve 
subjected to local cooling. In nerves which are blocked by cold without 
freezing, the curve relating resistance to temperature shows no marked 
change in slope at the time when impulse conduction stops. With a freez- 
ing block, the resistance curve becomes suddenly steeper as ice formation 
begins. In supercooled nerves (—4.0°C. or lower) the rise of resistance 
at the moment of block is extremely rapid, and the final resistance high 
(confirming Bahrmann, Zeitschr. f. Biol., 1932, 92, 336). Recovery on 
warming is delayed or absent. Nerves frozen at —1.0 or —1.5°C. show, 
by comparison with the supercooled group, a, a slower rise of resistance as 
block develops; b, a relatively low final resistance when block is complete; 
c, immediate recovery of conduction on warming. 


Effects of lesions in the hypothalamus in cats. W. R. INGRAM, C. FisHER 
and R. W. Barris (by invitation). Northwestern University Medical 
School. 

In a series of 57 adult cats bilateral, symmetrical lesions were placed 
in the hypothalamus with the aid of the Horsley-Clarke stereotaxic instru- 
ment. With this instrument it is possible to place localized lesions in any 
part of the hypothalamus without injury to the adjacent stalk of the pitui- 
tary or pars tuberalis. 

The effects of these lesions on urine excretion and water intake, appetite 
and adiposity, blood sugar, temperature regulation, urine and blood 
chlorides and general behavior are being studied in carefully controlled 
experiments. 

In general these animals show greatly subdued behavior following opera- 
tion, but in many cases perfectly normal behavior is evident in spite of 
extensive damage. Rather extensive lesions do not cause death. Blood 
sugar determinations indicate a transient rise following operation, with 
subsequent return to normal levels. Similarly, transient rises in tempera- 
ture are frequent. In a few cases transient hypothermias have been 
observed. 

Thus far it cannot be said that lesions causing extensive damage to the 
inferior-medial part of the hypothalamus between the chiasma and the 
mammillary bodies produce a derangement of fat metabolism which leads 
to adiposity. 
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Permanent diabetes insipidus has been produced in four animals and a 
mild permanent polyuria in two others. The urinary output in these 
animals is balanced by the fluid intake and exceeds the normal values by 
as much as five or six times. The polyuria and polydipsia can be sup- 
pressed by repeated, small injections of Pitressin or by depriving the ani- 
mals of water. Starvation with free water supply reduces the urine output 
by about half. 

The brains of two of these cats, sacrificed after two months, show re- 
stricted lesions in the inferior-medial part of the hypothalamus between 
the optic chiasma and mammillary bodies, involving the tractus hypothal- 
amico-hypophyseus. In] both cats the supra-optic nuclei were atrophied. 
However, we are not prepared to say that this nucleus is the center for the 
regulation of water metabolism. 


Control of the circulation through the brain according to the composition of 
inspired air. LAURENCE IRvING and Mary Scort WELCH (by invitation). 
Department of Physiology, University of Toronto. 

Central nervous tissue is particularly sensitive toward asphyxia. In 
compensation, it has been shown (Lennox and Gibbs, Journ. Clin. Invest., 
1932, 11, 1155) that the human cerebral circulation is preferentially 
accelerated by carbon dioxide inhalation. The propdsition was examined 
in dogs under dial anesthesia in order to look for details of this significant 
type of reflex vascular control. Blood samples were taken simultaneously 
from the brachial artery, femoral vein and longitudinal sinus. Examina- 
tion of CO, and O, content permitted calculation of the normal (anesthe- 
tized) A. V. difference. Then, following inspiration of various mixtures of 
Ne, O2 and COs, a second series of samples showed the new A. V. difference. 
The change was caused by the alteration in rate of blood flow through the 
hind leg and brain respectively. The results indicated that inspiration of 
CO, rich mixtures increased the cranial but not the femoral flow. Cranial 
flow is not so sensitive to O, lack. The paths of stimulation involved in 
this reflex differential control of the circulation are examined. The bear- 
ing of the results upon survival during apnea is also considered. 


The influence of electrolytes on the rate of hemolysis in glycerol solutions. 
M. H. Jacoss, A. K. Parpart (by invitation) and S. A. Corson (by 
invitation). University of Pennsylvania. 

Previous experiments by the hemolysis method indicate that electrolytes 
in very low concentrations retard the entrance of water into the erythro- 
cyte to an extent that cannot be accounted for by the osmotic pressure of 
the external solution along. The present investigation deals in a similar 
manner with the more complicated case where penetration of the erythro- 
cyte by a solute as well as by water is involved. It is found that in solu- 
tions of glycerol so dilute that hemolysis can occur rapidly and with little 
or no entrance of the solute, the effect of electrolytes is the same as that 
previously reported; with more concentrated solutions, where hemolysis 
is possible only after a considerable degree of penetration by the solute, 
electrolytes in low concentrations accelerate instead of retarding the proc- 
ess; in sufficiently high concentrations they invariably delay it through a 
direct osmotic action. By various combinations of these three effects 
a great diversity of results is possible with only slight differences in experi- 
mental conditions. Evidence is given which indicates that the apparent 
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effect of electrolytes on the penetration of the erythrocyte by a non-electro- 
lyte is not primarily one of cell permeability, as commonly understood, 
but rather an indirect one of osmotic nature. The results reported support 
the view advanced elsewhere that in erythrocytes exposed to a non-elec- 
trolyte solution an exchange of Cl’ and HCO,’ ions from the cell for OH’ 
ions from the solution lead to an increase in the base bound by hemoglobin 
and in consequence to a reduction of the internal osmotic pressure and to a 
shrinkage of the cell. It is apparently through osmotic volume changes 
of the cell, resulting from altered ionic equilibria of this sort, that some of the 
most striking of the observed electrolyte effects on the rate of hemolysis are 
produced. 


The effects of extirpation of the frontal association areas in monkeys upon 
complex adaptive behavior. C. F. JACOBSEN (by invitation). Labora- 
tory of Physiology, Yale University. 

Monkeys were trained in two types of behavioral tests: 1, situations in 
which the essential cues to correct response were present in the animal's 
immediate sensory experience and could be referred to by the animal while 
responding, i.e., simple problem boxes, and discrimination of brightness and 
size of visual patterns; and 2, situations in which the essential cues, wholly 
or in part, had to be recalled from the animal’s past experience, i.e., de- 
layed response (the animal saw food placed under one of two cups but was 
prevented from seeking food for several seconds or minutes), and a serial 
problem box which required manipulation in a definite order. 

Unilateral lesions of the frontal association areas resulted in no impair- 
ment of performance in any test. Complete bilateral extirpations (of the 
frontal areas) did not affect simple problem boxes or visual discrimination 
habits, but did result in sterotypy of performance on the serial problem 
box and complete loss of the ability to delay a response for even a few 
seconds. Incomplete bilateral lesions resulted in serious reduction in 
ability to react successfully after long delays although the animal con- 
tinued to respond correctly if the delays did not exceed a few seconds. 
Bilateral lesions in the frontal association areas greatly interfered with 
behavior dependent upon recalling recent experience (immediate memory), 
but did not impair behavioral adaptations determined by cues present in 
immediate sensory experience. 

With bilateral lesions in the parietal association areas, of approximately 
equal extent, there was no reduction of the ability to perform the delayed 
response tests. Similar experiments by Breslau on the postcentral gyrus 
gave uniformly negative results. It is tentatively suggested that the 
ability to respond on the basis of “immediate memory” is peculiarly de- 
pendent upon the intactness of the frontal association areas. The signifi- 
cance of these experiments for theories of localization of function in the 
cortex will be considered. 


Further observations of the monophasic action currents.|. KENNETH JOCHIM 
(by invitation), Louris N. Karz and Watrer Mayne (by invitation). 
The Cardiovascular Laboratory, Department of Physiology, Michael 
Reese Hospital, and the Department of Physiology, University of 
Chicago, Chicago. (Read by title.) 


1 Aided by the Frederick K. Babson Fund of the Michael Reese Hospital. 
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Monophasie action currents were obtained in direct leads from the 
mammalian ventricles by using one of the electrodes to create the injury. 
This electrode consisted of a glass capillary tube (a millimeter in bore) 
containing a wool wick moistened with saline. When pressed lightly 
against the surface of the heart it produced sufficient injury to give mono- 
phasic curves which persisted as long as the pressure was maintained. 

It was found that the duration of the monophasic curves obtained by 
connecting one injured area with various uninjured regions of the heart 
varied as much as 0.06 of a second with the heart rate constant, a difference 
adequate to explain the genesis of the T wave as postulated by Katz. Kor 
Ca when applied to the uninjured spot altered the duration of the mono- 
phasic curve, but had no effect when applied to the injured area. 

The variation in duration obtained by connecting different uninjured 
regions with the injured region is difficult to reconcile with the concept 
recently put forth by Wilson that the monophasic action current measures 
the potential changes in the injured area and not those in the uninjured 
area. Our results support the more generally accepted point of view that 
the monophasic curve is an expression of the ‘“‘depolarization-repolariza- 
tion’’ changes occurring in the uninjured regions. 


The effect of viosterol on the calcium content of the bile. KEenNetH K. JoNES 
and Grant H. Larne (by invitation). Department of Physiology and 
Pharmacology, Northwestern Medical School. 

Since calcium is one of the constituents of gall stones, it is important 
to know the effect of viosterol on the amount of calcium in the bile. 

In order to study the effect of viosterol, varying amounts of standard 
preparations were given to ten dogs with a bile fistula. This fistula was 
made by cannulating either the common bile duct or the cystic duct with 
the removal of the gall bladder. This made possible the collection of the 
total hepatic bile daily. 

Viosterol was given by mouth, either with or without the addition of 
bile salts, and also subcutaneously and intravenously. 

Calcium in the bile was estimated by ashing the bile, dissolving the ash 
in hydrochloric acid, precipitating with ammonium oxalate in neutral 
solution, fitering off the calcium oxalate and titrating with potassium 
permanganate in dilute sulphuric acid. 

The calcium in the bile is high (18-20 mgm. per 100 cc.) following the 
operation in most dogs but falls to a basal level in two to three days. When 
the dog is normal and in good state of nutrition with sufficient calcium in 
the food, the bile calcium becomes steady at 14 mgm. per 100 cc. 

This is not affected by large therapeutic doses of viosterol (50 drops per 
day of 250 D viosterol given by mouth with bile salts). 

The calcium does not increase in the bile until enough viosterol is given 
(1 ec. 10,000 x viosterol) intravenously to raise the blood serum calcium 
above normal. Then there is a rise in bile calcium to 60 mgm. per 100 ce. 
when the blood serum calcium reaches 20 mgm. per 100 cc. which is ac- 
companied by a marked decrease in the total bile excreted. 


The number of reticulocytes in'the blood of emotionally excited rabbits. H. L. 
Karz (by invitation) and L. B. Nick. The Ohio State University. 
On a series of blood smears made from the ear veins of rabbits in the 
quiet and excited state, the per cent of reticulocytes was determined. 
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All smears were stained with a saturated saline solution of Bromcresol 
Blue and counterstained with Wright’s stain. The per cent of reticulo- 
cytes was determined by counting the number of these cells in 1000 
erythrocytes. 

On specimens of these bloods, hemoglobin determinations and total 
erythrocyte counts were made. 

In 17 experiments on normal rabbits 13, or 77 per cent, showed an in- 
crease in the total reticulocytes, as a result of excitement, but no increase 
in the per cent of these cells in the blood stream; while in four cases nega- 
tive results were obtained. There was an increase in hemoglobin in 81 
per cent. 

In six experiments on splenectomized rabbits, 83 per cent showed an 
increase in the number of reticulocytes after excitement with an elevation 
in the per cent. There was no change in hemoglobin and total 
erythrocytes. 

These results are interpreted as indicative of increased bone marrow 
activity in the rabbit during excitement with the consequent inpouring 
of reticulocytes into the blood stream. 


The importance of the extravascular force exerted by the cardiac muscle on the 
flow of blood in the coronary vessels... Louis N. Katz, KENNETH Jo- 
CHIM (by invitation) and ANNE Bounine (by invitation). The Cardio- 
vascular Laboratory, Department of Physiology, Michael Reese Hos- 
pital, and the Department of Physiology, University of Chicago. 
Anrep’s contention that the only important factor influencing coronary 

flow is the diastolic aortic pressure has been questioned recently by Hoch- 
rein, Rein and Wiggers. ‘The evidence, pro and con, is still indirect. It 
seemed to us that the problem might be settled by determining coronary 
inflow and coronary sinus outflow simultaneously under different dynamic 
conditions. 

A modified heart-lung preparation was used. The three main branches 
of the coronary arteries were cannulated and perfused with blood under 
constant pressure. The coronary sinus was drained with a Morawitz 
cannula. In this way the coronary system was separated from the cardiac 
chambers except for accessory coronary veins and Thebesian communica- 
tions. The dynamic conditions of the heart were altered by varying the 
venous and arterial pressures. The heart rate was kept constant by 
electrical stimulation. 

The following conclusions are suggested by the preliminary experiments: 
1. The flow into the coronary arteries decreases if the systolic and diastolic 
pressures of the heart chambers are increased by raising the venous pres- 
sure and the arterial resistance, the coronary pressure and heart rate being 
kept constant. This indicates that the compression exerted by the heart 
muscle on the intramural vessels can modify the coronary blood flow. 
The effect of this compression apparently depends on the tension-time 
curve of the various heart chambers. 

2. Under these conditions the coronary sinus outflow, contrary to An- 
rep’s conclusion, does not bear a constant relationship to the coronary in- 
flow. The coronary sinus is only one of the pathways by which blood is 


1 Aided by the Emil and Fanny Wedeles Fund of the Michael Reese Hospital for 
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drained, and its proportion of the total drainage varies as dynamic condi- 
tions are altered. 

3. The coronary outflow under certain circumstances may exceed the 
coronary inflow, confirming the results previously reported by us that the 
Thebesian communications can serve as a portal of entry for blood to the 
myocardium as well as a portal of exit. 


The manner in which the electric currents generated by the heart are conducted 
away.' Louis N. Katz and Herman Korey (by invitation). The 
Cardiovascular Laboratory, Department of Physiology, Michael Reese 
Hospital, and the Department of Physiology, University of Chicago, 
Chicago. (Read by title.) 

During the course of experiments in which volume curves were recorded 
simultaneously with standard lead electrocardiograms, it was found that 
the use of a glass-rubber oncometer to enclose the ventric'es decreased 
the amplitude of the ventricular complexes to such a degree that, in some 
instances, they were barely visible. A similar result was obtained by com- 
pletely ensheathing the heart with rubber sheeting while maintaining the 
heart’s position unaltered. Further investigation showed that insulating 
the anterior chest wall from the heart had little influence on the electro- 
cardiogram, but insulating the posterior wall of the chest from the heart 
had a marked effect. Insulating the diaphragm from the heart had an 
intermediate effect. Insulating the lungs from the heart had no appre- 
ciable effect on the electrocardiogram. Similarly, ligating and cutting the 
large vessels from the heart, viz., the venae cavae, the aorta and the azygos 
vein, had little influence on the electrocardiogram. 

These results indicate that: 1, the large blood vessels (aside from the 
pulmonary vessels) and the blood contained within them are not of great 
importance in conducting the electric currents generated by the heart. 
2. The lungs are also relatively unimportant in this regard. 3. The best 
conductors for the electric currents created by the heart are, in ascending 
order of importance, the anterior chest wall, the diaphragm and its adja- 
cent viscera, and, most important of all, the muscle mass of the posterior 
chest wall in contact with the heart. This being the case, it is difficult 
to comprehend how vector analysis as promulgated by Einthoven and his 
followers can approach even an approximate picture of the electrical field 
as it actually exists. Alterations in the electrocardiogram may in some 
instances be produced not by changes in the “manifest potential’? but 
rather by changes in the position of the heart with relation to the various 
conductors in contact with it. 


The distribution and recovery of intravenously injected sucrose. NORMAN 
M. Kerru, M. H. Power and Ruts D. Pererson (by invitation). 
Division of Medicine and the Section on Clinical Metabolism, Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. 

The value for the sucrose content of the blood immediately after in- 
jection, and for the sucrose appearing in the urine during the injection 
period, accounts for less than one-half of the amount injected. Sucrose 
therefore disappears rather rapidly from the blood stream, probably into 
the tissue fluids. Analysis of various tissues of the dog shows this to be 
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the case. On the other hand, sucrose appears to be unable to penetrate 
the red blood cells in man to any appreciable extent. 

After the injection of sucrose in men, the recovery in the urine is prac- 
tically quantitative, although delayed in certain types of renal disease. 
In the dog, however, we have recovered in the urine only 70 to 80 per cent 
of the quantity injected. The recovery in normal men during a definite 
period after injection is quite constant, and parallels the simultaneously 
determined value for the plasma sucrose clearance. It appears possible 
that the determination of the urine sucrose for a definite one-hour or two- 
hour collection period may be of considerable use as a somewhat simpler 
test of kidney function than the determination of clearances. 


Ulceration in the digestive tract following hypophysectomy. A. D. KELLER, 
M. C. D’Amour (by invitation) and W. K. Hare (by invitation). Uni- 
versity of Alabama. 

Ulceration of the gut, essentially the same as that observed after hypo- 
thalamic lesions (Proc. Soc. Exp. Biol. and Med., 1933, 30, 772) has been 
encountered in 8 of a series of 18 hypophysectomized dogs. 

In 4 instances, the body of the stomach was markedly hyperemic, while 
the fundus and pylorus were relatively free from reaction. ‘The mucosa of 
the small bowel was distinctly hemorrhagic in regions, especially in the 
duodenum. After operation, formed feces were passed followed by a 
bloody mucous diarrhea. The dogs died after approximately 24 hours. 

In the other 4 cases, craters were found in stomach and duvdenum. 
These were unassociated with hyperemia or hemorrhage. The gastric 
craters were few, small and shallow, and occurred in the pylorus as well 
as in the body. The presence of large deep twin ulcers in the proximal 
duodenum, the one rounded with regular edges, the other irregular in 
shape, was the most striking feature in each case. The animals died in 
typical cachexia hypophysopriva 4, 9, 16, and 17 days after operation. 

It should be mentioned that all the dogs of the series that survived more 
than 24 hours developed this cachexia either spontaneously or after a short 
period of starvation. It was found that close attention to feeding was 
necessary to prevent its development. In most cases recovery was ob- 
tained by feeding or by injection of glucose subcutaneously. The time 
of onset of the prostration ranged from a few days to 8 months after 
operation. 

Serial section of the hypothalamus of the 8 dogs described above failed 
to demonstrate any damage to the brain stem. 

A series‘of experiments is now in progress to determine the mechanism 
by which the pathological changes are produced. Hypophysectomy is 
performed after the following procedures: 1, bilateral vagotomy in the 
thorax; 2, bilateral removal of the lower thoracic portion of the sympa- 
thetic chain (splanchnies), and 3, bilateral vagotomy plus bilateral removal 
of the splanchnics. Thus far, one of each of the following cases has been 
observed: 1, marked hemorrhagic involvement of the gastric mucosa after 
vagotomy; 2, shallow gastric craters after removal of the splanchnics; 
3, cachexia hypophysopriva after vagotomy plus removal of the splanchnics. 


Nussbaum’s experiment. Rupotr T. Kempton (by invitation). Labora- 
tory of Pharmacology, University of Pennsylvania. 
In Nussbaum’s experiment, complete ligation of the renal arteries in the 


64 AMERICAN PHYSIOLOGICAL SOCIETY 


frog did not prevent the elimination of urine after injections of urea. In 
exact repetitions of this experiment with two species of American frogs the 
same result was obtained. Examination of the kidneys during life showed, 
however, that when this result was obtained visible glomeruli contained 
circulating blood. This is due, not to incomplete ligation, but to the fact 
that when the posterior renal artery is tied, blood flow in it and in the 
glomeruli supplied by it is not prevented. 

The collateral channels responsible for this have been identified. Urea 
is effective in augmenting blood flow through these channels. Injection 
of the aorta at the conclusion of the experiment is an inadequate means of 
proving the presence or absence of circulation in glomeruli. 


The effects of thyroid administration upon motor conditioned reflexes in dogs. 
N. Kuerrman and 8. Tire.Baum (by invitation). Department of 
Physiology, University of Chicago. 

Daily oral administration of 2.0 gram dcses of desiccated thyroid for 
fortnightly periods, alternating with similar control periods, to 10 kilo 
dogs, showed a definite effect of the glandular extract upon the uncondi- 
tioned, positive conditioned, and negative conditioned motor reflexes. 
Three experimenters worked independently, each with one dog. The 
unconditioned reflex used was the withdrawal response to an electrical 
shock applied to the left hind leg. The dogs were conditioned to raise 
their legs when a metronome was sounded at a frequency of 100 beats per 
minute (positive conditioned response). By not reinforcing a frequency of 
200 metronome beats, this frequency was established as a stimulus to be 
differentiated from the 100 beats and not responded to (negative condi- 
tioned response) ; this was alternated with the positive conditioned stimulus 
in an irregular order. As the dogs learned to differentiate perfectly be- 
tween the positive and negative conditioned stimuli, the frequency of the 
latter was decreased so as to approach that of the positive stimulus. This 
procedure was repeated until for each dog the differentiation range was too 
small to permit of 100 per cent correct discrimination. At this stage the 
administration of thyroid was begun, and each dog went through two 
thyroid-feeding periods. 

Generally, the percentage of correct responses to the positive condi- 
tioned stimulus and to the negative conditioned stimulus was increased 
during periods of thyroid feeding, and somewhat decreased during con- 
trol periods. Thus, in one dog, to a negative conditioned stimulus of 130 
beats, the percentages of correct responses during the control periods were 
80.0, 87.3, and 89.0, while during the interspersed thyroid periods they 
rose to 89.7 and 92.7. The height of the responses to the unconditioned 
stimulus and to the positive conditioned stimulus was affected in a similar 
manner. 


Colorimetric detection of barbituric acid derivatives. THEODORE KoppPanyt, 
WituiaM 8. Murpny (by invitation), James M. (by invitation) 
and STEPHEN Krop (by invitation). Georgetown University, School of 
Medicine, Washington, D. C. (Demonstration.) 

Three methods of colorimetric estimation of barbiturates were developed 
in this laboratory. 

A. Barium hydroxide, or “macro” method. This test consists of adding 
graded amounts of a one per cent solution of cobaltous acetate in absolute 
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methanol, and of a one per cent solution of barium hydrate in absolute 
methanol to chloroform extracts, and comparing their color with that of 
standards. 

B. Lithium hydroxide, or “micro” method. Lithium hydrate is sub- 
stituted for barium hydrate, and the test performed with more dilute 
reagents (0.2 per cent). The test is ten times as sensitive as the barium 
hydrate test. 

C. Isopropylamine method. In this test a 5 per cent solution of iso- 
propylamine in absolute methanol is substituted for the metallic hydroxide. 
The resulting colors are more stable than those obtained in the two pre- 
vious tests, and are thus better adapted for standard colorimetric use. 


Experimental analysis of barbital action. THEODORE Koppanyi and W. 38. 
Morphy (by invitation). Georgetown University, School of Medicine, 
Washington, D. C. 

In previous researches we have established the rate of disappearance of 
barbital from the blood, and its rate and percentage of elimination in the 
urine in various animals. We recently discovered a very effective 
method (intravenous medication with ammonium chloride) to accelerate the 
elimination of barbital from the body to such an extent that within a few 
hours half of the injected dose may be recovered from the urine. 

It was found that at the time when more than half of the minimum anes- 
thetic dose was eliminated the animals (dogs) failed to awaken. This 
result necessitated a new series of experiments on cats and rabbits. Thus 
far four cats and five rabbits have been used. The experiments consisted 
of intravenous administration of 150 mgm. of sodium barbital per kgm. at 
24 hour intervals. Blood and complete urine samples were collected 
before injections. 

The depth of depression of cats increased each day although the cats 
had eliminated increasingly larger percentages of the dose still remaining 
in the body. Accordingly the blood barbital became gradually lowered. 
On or about the fourth day of administration cats had eliminated over 
seventy per cent of the total dose given, retaining a dose of appreciably 
less than 100 mgm. of sodium barbital in the body. Such cats at this 
stage were unable to stand, walk or eat, and showed depression, whereas 
the dose remaining in the body would be insufficient to cause any appre- 
ciable effect if injected intravenously into other cats. 

. Rabbits treated in a similar manner showed a progressively decreasing 
elimination; thus the dose in the body as expressed in milligrams per kilo- 
gram, increased correspondingly. On or about the fifth day the dose 
remaining in the body exceeded the levels of the average fatal dose, and 
yet the animals were able to stand, walk, and eat. The blood barbital 
showed progressive rise. 

Cats, therefore, up to a certain extent showed cumulation of effects 
without cumulation of dose, while rabbits showed cumulation of dose 
without cumulation of effects. Details of experimental data and the 
general biological significance of these findings will be discussed. 


Glutathione content of blood following ingestion of acetone, section of the 
splanchnics, pancreatectomy, and adrenalectomy. M. M. Kunps, T. J. 
Becker (by invitation), F. S. Sanuk (by invitation) and R. D. Kear- 
NEY (by invitation). The Chicago Medical School, Department of 
Physiology and Pharmacology. 
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The blood glutathione of dogs shows a marked increase following the 
ingestion of acetone; removal of the adrenal and removal of the pancreas. 
There is a decrease in the glutathione content of the blood in the terminal 
stages of pancreatic diabetes and after bilateral section of the splanchnics. 
Section of one splanchnic causes no change. 


The effect of the pituitary on carbohydrate metabolism. R. L. Kutz (by 
invitation), H. SELYE (by invitation), O. Densreprt (by invitation), 
C. BacuMAN (by invitation), D. L. THomson and J. B. Cotire. MeGill 
University, Montreal. 

In agreement with the work of Houssay it has been found that removal 
of the pituitary alleviates, at least partially, the symptoms which follow 
pancreatectomy in dogs. The transbuccal technic for hypophysectomy in 
dogs and its application to monkeys will also be discussed. 


The influence of muscle sense fibres on the fatigue of the muscle. R. M. 
Leick (by invitation) and F. H. Scorr. Department of Physiology, 
University of Minnesota. 

While the most obvious sign of fatigue in a person is a sensation, we 
can find no one who has studied the effect of the sensory fibres from the 
muscle in fatigue. We have experimented chiefly on frogs. The simplest 
plan of the experiment is, in animals under light urethane, to section one 
sciatic nerve leaving the other one intact and to stimulate both gastrocne- 
mius muscles directly at about once a second. A faradic current was used 
and the contractions recorded on a slowly moving drum. 

Under the above conditions it is easy to show that the muscle whose 
nerve is intact ceases to respond sooner than the one whose nerve is sec- 
tioned. This is true whether the muscles are supplied with blood or 
whether the blood supply to both muscles has been cut off. The reflexes 
from the muscle tend to accelerate the onset of fatigue (probably a pro- 
tective mechanism—preventing the muscle from getting over fatigued). 

The sensory fibres from one muscle seem to be connected with both sides 
since after section of the posterior roots on one side both muscles cease to 
respond at approximately the same time. Likewise, if the posterior roots 
are sectioned on both sides and the anterior roots on one side both sides 
cease to respond at approximately the same time. When, however, the 
dorsal roots of one side and the ventral roots of the other side are sectioned 
the leg whose ventral roots are intact is the first to show fatigue. Most 
if not all of the reflex effects are apparently sympathetic for if the rami 
going to the nerves on one side are sectioned the side with intact rami fa- 
tigues first. If, however, the rami on one side and the entire nerve on the 
other side are sectioned, then both sides fatigue at approximately the same 
time. These results might indicate the production of acetyl choline or 
similar substance. All the results mentioned occur whether the blood 
supply to the muscle is intact or whether it has been shut off. 


Synergistic and antagonistic effects of milk and meat extracts. Davin I. 
Macut. Pharmacological Research Laboratory, Hynson, Westcott & 
Dunning, Inc., Baltimore, and Department of Physiology, Yeshiva 
College, New York. (Read by title.) 

Cushny’s old definition of pharmacology as “the study of the changes 
induced in living organisms by the administration in a state of minute 
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division of such organized substances as do not act merely as foods” is 
somewhat obsolete. We now know that such drugs as alcohol may act as 
foods while other substances commonly regarded as foods, e.g., vitamins, 
sugars, etc., may act as poisons. Considering the importance of syner- 
gistic phenomena, the author studied the pharmacological effects of milk 
and meat extracts, separately and in combination, on living animals and 
plants. The foods employed were: cow’s milk, solutions of Valentine's 
beef juice, broths of beef muscle, chicken muscle and fish muscle, respec- 
tively, and emulsion of myosin made from fresh muscle by grinding and 
extraction without heat. The various solutions were first studied individ- 
ually and then in combination on 1, Lupinus albus seedlings; 2, rats and 
mice after intraperitoneal injection; 3, larvae of Rana sylvatica; 4, Caras- 
stus auratus, and 5, kidney and liver function and blood chemistry of 
rabbits. Phytopharmacologically, one to five per cent milk solutions in 
plant-physiological saline were little toxic, while one to two per cent solu- 
tions of meat extracts were very toxic for seedlings, beef broth being more 
poisonous than chicken broth, and chicken broth more toxie than fish 
muscle extract. Combinations of milk and meat extracts produced marked 
potentiation of toxicity. Similar synergistic phenomena were noted in 
animal experiments. Milk and meat combinations, injected intraperito- 
neally, were more toxic for mice and rats than double quantities of either 
injected alone. Similar potentiation of toxicity was noted in goldfish and 
tadpoles placed in such mixtures. Two different sets of rabbit experi- 
ments were performed. On alternate days one set of rabbits received by 
stomach 100 ec. of whole milk and 100 cc. of meat extract for two or three 
weeks; the other set of animals daily received 50 cc. of milk and 50 ce. of 
meat extract together. Synergistic phenomena were noted in the rabbits 
receiving the mixtures. 


Synergistic and antagonistic effects of alcohol, caffeine and nicotine mixtures. 
Davin I. Macut and Mary EF. Davis (by invitation). Pharmacological 
Research Laboratory, Hynson, Westcott & Dunning, Inc., Baltimore. 
(Read by title.) 

Phytopharmacological experiments were made on seedlings of Lupinus 
albus with solutions of ethyl alcohol, 0.5 to 1.0 per cent, of caffeine, 1:2,000 
to 1:1,000, and of nicotine alkaloid, 1:10,000 to 1:5,000. After the toxic- 
ity of each separate drug had been determined, combinations of different 
pairs were studied and yielded the following results. A mixture of alcohol 
and caffeine produced synergism or increased toxicity for plants. Combi- 
nations of aleohol and nicotine also exerted an increased toxicity or syner- 
gistic action for plants while a mixture of caffeine and nicotine exhibited 
an additive effect and no potentiation. Zoédpharmacological experiments 
were performed on cats under ether anesthesia with caffeine solutions 
ranging from 1:500 to 1:200, nicotine alkaloid solutions ranging from 
1:10,000 to 1:5,000, and ethyl alcohol solutions ranging from 0.5 to 2.0 
per cent. After the lethal dosage of caffeine and nicotine alone had been 
determined by repeated injections at regular intervals, mixtures of the 
drugs were studied and their lethal dosage established. It was dis- 
covered that a combination of alcohol and caffeine produced an antago- 
nistic action and that the toxicity of caffeine in this mixture was decreased. 
A mixture of alcohol and nicotine also exhibited a definitely antagonistic 
action, the amount of nicotine required to kill in such a combination being 
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greater than that required when it was administered alone. A combina- 
tion of caffeine and nicotine also exerted an antagonistic action, the tox- 
icity of the nicotine in this mixture being definitely decreased. 


Physiological effects of three isomeric saligenins and their bromine derivatives. 
Davin I. Macuat and H. A. B. DuNNING, JR. (by invitation). Chemical 
and Pharmacological Research Laboratories, Hynson, Westcott & 
Dunning, Inc., Baltimore. 

Three isomeric hydroxy-benzyl alcohols were prepared with the OH and 
CH,OH groups in the ortho, meta and para positions, respectively, and a 
mono-brom derivative was made from each. A pharmacodynamic com- 
parison of two sets of compounds was made on 1, Lupinus albus seedlings; 
2, Carassius auratus; 3, rats in a maze; 4, mice; 5, circulation and respira- 
tion of cats; 6, kidney function of rabbits; 7, smooth muscle of the uterus 
and intestines, and 8, concerning their local anesthetic effect. In general, 
the ortho were more potent than the meta and the meta more potent than 
the para compounds. All the mono-brom derivatives were more active 
than the corresponding hydroxy-benzyl alcohols or saligenins themselves. 
The brominated compounds produced antipyresis. They also produced 
more sedation of the central nervous system and antagonized the con- 
vulsant action of camphor, the latter effect being probably due to the 
bromination. All the compounds effected a lowering of blood pressure 
through peripheral vasodilatation. Twenty-five to fifty milligrams per 
kilo weight of cats, injected intravenously, did not impair the respiration. 
Large doses depressed the respiratory center. All the compounds pro- 
duced local anesthesia and relaxed smooth muscle. The most interesting 
of these compounds is mono-brom-ortho-hydroxy-benzyl alcohol, named 
Brom-salizol. It is little toxic, the minimal lethal intravenous dose being 


OH 


Br 


0.25 gram for cats and dogs and the minimal lethal dose given by stomach 
tube being 0.5 gram for rabbits. Men tolerate doses of from 5 to 10 grains 
taken three or four times daily with impunity. The most striking phys- 
iological effects of small doses in animals and men are a local anesthesia 
(a 0.5 per cent aqueous solution being sufficient for infiltration anesthesia 
in general surgery) and an antispasmodic action on smooth muscle organs 
both in vitro and in vivo. The compound has been used successfully for 
relief of spasm, excessive peristalsis and colicky pains of genito-urinary 
and gastro-intestinal organs. A third physiological effect now being 
investigated is the potentiated salicyl action of Bromsalizol as an analgesic 
and antiarthritic. 


Physiological action of disalicyl aldehyde. Davin I. Macnr and Nore. 
Foss (by invitation). Chemical and Pharmacological Research Lab- 
=_— Hynson, Westcott & Dunning, Inc., Baltimore. (Read by 
title. 

This compound (Perkins, Ann., 145, 299) is a beautiful white crystal- 
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line substance with a melting point of 129-130° but, unfortunately for 
biological experimentation, it is insoluble in water and alcohol and only 


CHO CHO 


soluble in acetone. Experiments were made by administering the drug in 
aqueous suspension to rabbits by stomach tube. Although insoluble in 
water, the compound doubtless undergoes a change in the body because 
doses of 0.5 gram per kilo produced death of rabbit in twenty-four hours. 
Small doses, 100 to 200 mgm., administered daily for some time, produced 
marked emaciation and a cachectic state. The drug also produces marked 
constipation. In normal animals no antipyretic effect was noted but in 
hyperpyretic rabbits a distinct drop in temperature was produced by 200 
mgm. given by mouth. Urine collected one, two and five hours after oral 
administration showed that the drug had produced no bactericidal or 
bacteriostatic action. There was no impairment of kidney function and 
no narcotic or hypnotic effect. 


Physiological effects of quinolyl-ethanol. Davin I. Macut and Nort Foss 
(by invitation). Chemical and Pharmacological Research Laboratories, 
Hynson, Westcott & Dunning, Inc., Baltimore. (Read by title.) 

This compound, prepared by Wilhelm Koenig’s method (B 32, 223), isa 
white crystalline powder with a melting point of 100—101°, slightly soluble 


CH.CH.0H 
N 


in water and freely soluble in aleohol. Experiments on Lupinus albus 
seedlings with solutions of 1:10,000 in one per cent alcohol produced 
marked inhibition of growth, the phytotoxic index being 37 per cent. 
Goldfish placed in concentrations of 1:5,000 in one per cent alcohol suc- 
cumbed in five hours. One milligram per 50 grams weight of rats, injected 
intraperitoneally, produced little effect. Two hundred milligrams, ad- 
ministered by stomach tube to rabbits, produced no toxic symptoms and 
no impairment of kidney function. Intravenous injection of weak solu- 
tions in cats under ether anesthesia produced marked fall in blood pressure 
but little depression of respiration. Compared with phenmethylol, the 
compound is much less effective as an antispasmodic for smooth muscle 
preparations and has practically no local anesthetic action. 


Detoxification experiments on pemphigus blood. Davin I. Macut and 
Isaac R. PEts (by invitation). Pharmacological Research Laboratory, 
Hynson, Westcott & Dunning, Inc., Baltimore. (Read by title.) 

The authors have studied over fifteen hundred specimens of blood sera 
from all kinds of dermatological conditions by Macht’s phytopharmaco- 
logical methods, described elsewhere, on living seedlings of Lupinus albus. 
The vast majority of sera from dermatological diseases produce a normal 
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phytophartnacological reaction, the same as that obtained with sera from 
normal individuals. Blood from the infectious exanthemata, scarlet 
fever, measles, variola and varicella, gives a less toxie reaction than normal 
blood. Characteristic phytotoxie results, indicated by marked inhibition 
of growth of roots, are produced by two grave dermatological diseases, 
pemphigus and leprosy. Blood serum and serum from the bullae of 
pemphigus exerted on seedlings a characteristic toxic effect which has 
been found invaluable in establishing diagnosis of pemphigus and differen- 
tiating it from other dermatoses simulating it, particularly erythema multi- 
forme and dermatitis herpetiformis. The authors have studied the effects 
of physical and chemical agents in vitro in an endeavor to detoxify pem- 
phigus serum. Heat above 75°F. produces rapid loss of toxicity which is 
not due to putrefaction. Exposure to ultraviolet rays does not detoxify 
pemphigus serum. A number of drugs and dyes, added to the serum, 
produced no appreciable detoxification. Ergosterol, recommended thera- 
peutically by some clinicians, effects but little change in the phytotoxic 
index. The most interesting results were obtained with methylthionine 
chloride. Even very weak solutions of methylene blue (1: 100,000, or less) 
markedly detoxified the serum, as studied on Lupinus albus seedlings. A 
chemically pure and biologically assayed solution of methylene blue, 0.5 
per cent, has been prepared for cautious therapeutic use by intravenous 
injection in treatment of pemphigus, usually an incurable disease. In 
three clinical cases, a series of injections, 10 ec. each, given several times a 
week, produced amelioration of subjective symptoms, disappearance of 
skin lesions and marked improvement in the phytotoxie index. In two 
other cases, phytopharmacological examination has revealed distinct 
detoxification of blood and there has also been some amelioration of sub- 
jective symptoms, but the lesions have not disappeared. 


The augmenting effect of the chorda tympani on sympathetic salivary secre- 
tion after atropine. F. C. Maclnrosu and H. C. Raw.inson (by 
invitation). Departments of Physiology and Histology, MeGill 
University. 

The augmenting effect of chorda tympani stimulation upon the amount 
of saliva secreted by the cat’s submaxillary gland in response to stimulation 
of the cervical sympathetic nerve is well known. It has been stated that 
this chorda augmenting effect is not apparent after administration of 
atropine. A series of experiments has shown that, when very small doses 
(4 to 4 mgm.) of atropine are given intravenously, the secretory response to 
chorda tympani stimulation is, as usual, completely abolished, but such 
stimulation still causes a markedly increased secretion in response to sub- 
sequent sympathetic stimulation. This increased response is usually 
obtained, though in decreasing degree, in the subsequent two or three 
purely sympathetic stimulations. 

When adrenalin was injected into such a lightly atropinized animal, its 
secretory effect could be prolonged by chorda stimulation, or if such stimu- 
lation was applied just at the end of the adrenalin response, a further 
secretion occurred. 


Gastrectomy and subsequent hematologic studies in the hog. G. L. Matson 
(by invitation) and A. C. Ivy. Departments of Physiology and Phar- 
macology, Northwestern University Medical School. 
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A first series of 4 pigs was operated June 24, 1933, in the Physiology 
Laboratory of the University of Wisconsin Medical School. Of these, 1 
died immediately and a second after 71 days due to fibrous stricture of the 
lower esophagus. The remaining 2 are living and well on their 225th 
post-operative day. A control pig has been kept with these and all are now 
11 months old. On February 1, 1934, a second series of four animals was 
operated with an immediate mortality of 25 per cent. 

Three of the first series developed a hypochromic microcytic anemia 
during their second month which became progressively worse in the two 
which survived into the third month. In the fifth month, iron ammonium 
citrate in large doses (av. 2.4 grams per day) was given in the food, but the 
anemia became progressively worse. Therefore, in the sixth post-operative 
month, subcutaneous Fe;NH, citrate was started. A prompt hemato- 
poietic response was obtained and at the present time after two and one- 
third months on this treatment, the hemoglobin has returned to the 
normal range as has the cell diameter and hematocrit. 

The growth of the gastrectomized pigs was markedly retarded but has 
improved since the institution of the subcutaneous iron therapy though it 
is still not normal. 

Summary. In 2 gastrectomized pigs we have observed the occurrence 
of a microcytic hypochromic anemia which started two months post- 
operatively and did not respond to 2.4 grams of iron salt per day orally, 
but did respond to 0.09 gram Fe;NH, citrate daily subcutaneously 
Gastrectomy markedly retarded the growth of these animals. 


Bioelectric potentials and velocity of cell oxidation. GorDON Marsu (by 
invitation). Zoological Laboratory, State University of Iowa. 

A complete connection is derived between the velocity of cell oxidation 
at flux equilibrium and the measured potential of a living cell or tissue 
upon the basis of the (amended) steps in the oxidative reaction proposed 
by Lund. The production of oxidizable substance (reductant) from its 
precursor is shown to be reversible, and the conversion of reductant to 
oxidant assumed to be dependent upon oxygen pressure. The potential 
at a single locus in the cell becomes that of a modified oxygen electrode 
and can be expressed as a function of the oxygen pressure of the medium 
and the velocity constants of the respiratory reactions. The potential 
increases with increased oxygen pressure. 

Upon the assumption of some fundamental difference in the velocity of 
the oxidative reaction at the two ends of a cell (to account for cell polarity) 
the system will explain the dependence upon oxygen pressure of the E.M.F. 
measured across the cell. A relation is derived between the oxygen con- 
sumption of a cell at constant oxygen pressure and its inherent E.M.F.; 
the higher the rate of oxygen uptake (higher concentration of oxidizable 
material) the greater will be the E.M.F. This gives a theoretical founda- 
tion to the observed coincidence of high potential and high rate of oxygen 
consumption in polar tissues. It is shown that under appropriate condi- 
tions the cell having the higher rate of oxygen consumption will show the 
greater increase in inherent potential with increased oxygen pressure in 
accordance with experimental fact. The system will also account for 
reversal of cell or tissue polarity with lowered oxygen pressure. 

The velocity equations at a locus within the cell may be synthesized 
into a theoretical equation linking the rate of oxygen consumption of a cell 
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or tissue to the oxygen pressure of the medium. This equation provides 
a satisfactory description of a variety of published experimental data, 
and possesses some points of advantage over the hyperbolic form of equa- 
tion proposed by Warburg, Gerard and others. 


The effect of certain metabolic products on tissue metabolism at normal and 
febrile temperatures. M. Marsu. Department of Vital 
Economics, University of Rochester Medical School, Rochester, N. ~. 
A Warburg apparatus was used to determine the effect of various met- 

abolic substances upon the oxygen consumption of liver tissue. Urea, 
uric acid, histamine and phenol have been examined and in each case a 
certain concentration, varying with the substances used, would definitely 
depress the metabolism at normal temperature (37.5°C.) but would stimu- 
late slightly the oxygen consumption of tissue from the same organ when 
kept at a febrile temperature (41°C.). This inhibition was, in some cases, 
fairly constant over the whole period of the observation, usually three 
hours, but in others it was a progressive one. The stimulation, on the 
other hand, was usually of short duration and during the second and third 
hours of the observation the oxygen consumption might fall much more 
rapidly than did that of the controls in Ringer’s phosphate glucose solution 
at 41°C. and much more rapidly than did the tissue to which thesubstance 
had been added but which had been maintained at 37.5°C. 


Oxygen absorption through the skin. Bartrais McGLong, SAMUEL GOLD- 
SCHMIDT and JoHN S. Donat, JR. (by invitation). University of Penn- 
sylvania, School of Medicine. 

The following observations constitute convincing evidence that oxygen 
may penetrate the skin of the forearm into the blood of the cutaneous 
vessels. 

When the circulation is partially or completely occluded: 

1. The normal color of the skin is maintained when the arm, in an atmos- 
phere of oxygen, contains its usual amount of blood. The cyanosis which 
usually develops on the skin of an arm in air with arrested or impeded 
circulation is not in evidence except on some portions of the hand. 

2. The skin of the forearm, congested with blood, in oxygen, is pink; in 
contrast to the bluish or dusky color of an arm in air, nitrogen or hydrogen 
under like conditions. 

3. Under the above experimental conditions the skin color may be 
altered from normal to cyanotic or from pink to blue or vice versa by chang- 
ing the gaseous atmosphere appropriately. 

4. The oxygen content of the cutaneous blood of a forearm, in an atmos- 
phere of oxygen, is invariably higher than it is when the arm is in nitrogen. 


Venous pressures and posture in normal young women. JOSEPHINE M. 
McIntire (by invitation) snd Appy H. Turner. Physiological Lab- 
oratory, Mount Holyoke College. 

Determinations of venous pressure were made in a series of seven normal, 
healthy, young women of college age, reclining and tilted to erect and 
semi-erect positions, to test both the steadiness and the variability of 
venous pressure during these postural changes. The venous pressures 
determined were those in the superficial veins of the hand and foot, ob- 
tained by the indirect method of Krogh, Turner and Landis. In the super- 
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ficial hand veins at heart level a constancy of venous pressure was noted 
for each individual from time to time, and, contrary to the findings of some 
others, this constancy was maintained in spite of changes in posture. 
Steady experimental conditions were absolutely necessary and careful 
precautions were taken to prevent any obstruction to the return of blood 
to the heart. The increase in venous pressure found in the foot on assum- 
ing the erect position was great enough to assure an adequate return of 
blood to the heart. In one case in which circulatory adjustment to 
standing was known to be habitually poor venous pressure in the foot vein 
was not adequate in the erect position to return blood to the heart. 


The effects of posterior-lobe pituitary preparations upon the concentrations of 
copper-reducing substances in the serum and urine of dogs. A. R. Mc- 
INTyRE. Pharmacology Laboratory, University of Nebraska Medical 
College, Omaha, Nebraska. 

The serum copper-reducing substance of normal unanesthetized dogs 
fasted 18 hours was invariably augmented in concentration as the result 
of the subcutaneous injection of pituitrin, pitressin, and pitocin either 
separately or together. The effects of these preparations upon the con- 
centrations of the urine copper-reducing substances were not constant and 
frequently the urine copper-reducing substances were decreased in con- 
centration following the subcutaneous injection of 0.47 to 1.0 unit per 
kilogram. Thus in 12 experiments in which pituitrin caused an average 
increase of the fasting blood sugar of approximately 14 per cent there was 
an accompanying decrease in concentration of the urine copper-reducing 
substances in 4 experiments and in the remaining 8 experiments there was 
an increase comparable with that found in the serum. Very similar 
results were observed with pitressin. With pitocin the urine copper- 
reducing substances were decreased in concentration only twice in 12 ex- 
periments. These decreases in concentration of the urine copper-reducing 
substances cannot be attributed wholly to urine dilution during diuresis 
as the increases in concentration were also observed during diuresis and 
furthermore it has been previously shown (McIntyre and Sievers, Journ. 
Pharm. Exp. Therap., 49, 1933) that a decrease in the concentration of 
the urine copper-reducing substances may occur simultaneously with a 
greatly augmented concentration of K, Na, Ca, and Cl. The Harding and 
Selby fermentation technique indicated that much of the urine copper- 
reducing substance was non-fermentable. There did not appear to be 
any constant relationship between the proportion of fermentable and non- 
fermentable substances in the urine either before or after the injection of 
the above preparations. 


The cells of an inflammatory exudate in relation to its hydrogen ion con- 
centration. Vaty MENKIN. Department of Pathology, Harvard Med- 
ical School, Boston, Massachusetts. (Read by title.) 

A pleural inflammatory exudate, in the majority of instances, develops 

a rise in its hydrogen ion concentration concomitantly with the progress 

of the inflammatory reaction. When the pH of the exudate is alkaline 

the percentage of polymorphonuclears at the site of inflammation exceeds 
that of the mononuclear phagocytic cells. When the pH of the exudate 
is approximately neutral the percentage of polymorphonuclear cells tends 
to approach that of the mononuclear phagocytes. When the pH of the 
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exudate is definitely acid large numbers of polymorphonuclear cells are 
found degenerated. The percentage of relatively normal appearing 
polymorphonuclear leucocytes is found considerably lower than that of 
the mononuclear phagocytes. In some cases the pH of the exudate re- 
mains alkaline throughout the period of an acute pleural inflammation. 
In these instances the percentage of polymorphonuclears invariably ex- 
ceeds that of the mononuclears. By measuring the hydrogen ion concen- 
tration of an inflammatory exudate the character of the cytological picture 
can be predicted with a fair degree of certainty. Likewise the converse 
follows. Evidence has been obtained to show that the development of a 
local acidosis in an area of inflammation precedes, at times, the changes 
occurring in the differential leucocyte formula of the exudate. In such 
cases, however, the cytological changes ultimately follow the development 
of the acid reaction. 

The observations reported suggest that the differential leucocyte formula 
in an area of acute inflammation is a function of the hydrogen ion concen- 
tration of the exudate. The cytological picture in an inflamed area seems 
to be conditioned by the pH of the exudate surrounding the injured tissue. 
The present study indicates that the developing local acidosis, as the in- 
flammatory reaction progresses, can adequately account for the well known 
shift in infiltration from polymorphonuclear leucocytes to mononuclear 
phagocytes at the site of inflammation. 


A v-phone for examining auditory impairment. W. R. Mies. Yale 

Institute of Human Relations. (Demonstration.) 

A pair of earpieces of stethoscope type is connected with a 3-way glass 
stopcock from the median portion of which extends a rubber tube 24 inches 
in length and terminating in a small metal funnel. Sound led through this 
central rubber tube can be presented to both ears or exclusively to the 
right or left, or cut off from both ears accordingly as the stopcock is turned. 
With the v-phone so placed that the stopcock is at the back of the patient’s 
head and resting between his shoulders the examiner may secretly change 
the presentation. 


A metabolic study of three unusual learned breathing patterns practiced in 
the cult of Yoga. W. R. Mives and K. T. Brenanan (by invitation). 
Yale Institute of Human Relations. 

Swimmers, divers and others temporarily modify the usual breathing 
pattern for occupational reasons. In connection with the rigorous religious 
regimen of Yoga, dating from the third century B.C., extreme variations 
from ordinary breathing habits are also learned and used daily for periods 
of from one to several hours. A study of these extreme variations is of 
great theoretical interest. The present report concerns three of the nine 
Yogic breathing forms. The subject was one of the writers, K. T. B., a 
Hindu male, 31 yrs., height 164 em., weight 57 kgm., who had lived on a 
vegetarian diet and engaged in almost daily practice of these breathing 
patterns for 20 months, having spent 12 of these months under the in- 
struction of a Yoga teacher of note in India. 

The three exercises may be described as follows: I—Kapalabhati, 120 
very short breaths in 60 seconds followed by natural breathing for 30 to 
60 seconds, cycle repeated several timesin succession. II1—Ujjayi, extreme 
deep inspiration, holding for 40 to 80 seconds then slow expiration, cycle 
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repeated perhaps 80 times. III[—Bastrika, 20 very short breaths in 10 to 
12 seconds followed by extreme deep inspiration, holding for 30 to 60 
seconds, then slow expiration, cycle repeated perhaps 80 times. 

The subject was always studied under basal metabolic conditions. 
When reclining he showed among other measurements: oxygen consump- 
tion of 210 ec. per kgm. per hour, respiratory rate 17.3 per minute, ven- 
tilation rate 7.6 1. per minute, and vital capacity 3.31. When seated with 
legs crossed and clothed as prescribed for the practices the normal oxygen 
consumption was 220 cc. with a respiration rate of 17.7. In breathing 
patterns I, II, and III the oxygen rates were 293, 298, and 286 ce. respec- 
tively averaging about 13 per cent increase. Six cycles of I required 10 
minutes and the short breaths measured 0.2 to 0.31. In II the full vital 
capacity was regularly employed, 67 per cent of the total time was de- 
voted to holding the breath, and 9 total cycles required 8 minutes. Also 
in III the full vital eapacity, 3.3 1., was used, 6 cycles occupied 8 minutes 
and holding accounted for 58 per cent of the time. 

“Summarizing: the three unusual breathing patterns were found to in- 
volve periods of very rapid shallow respiration, the repeated use of full 
vital capacity, and of long periods of breath holding. Each combination, 
I, Il, and III, continued for 10 minutes or longer produced a moderate 
increase in the oxygen consumption. This effect is probably due chiefly 
to the increased physical work performed by the respiratory muscles in 
carrying out the exercises. Continuance of the exercises for 20 to 30 
minutes did not, during the next 10 minutes, with the exception of one ex- 
periment with II, develop evidence of oxygen debit or storage. The 


investigation is being continued. Slides accompany the paper. 


Effect of glycocoll and ephedrine in myasthenia gravis. A. T. MiLHorat 
(by invitation). Russell Sage Institute of Pathology, in affiliation 
with the New York Hospital and the Department of Medicine, Correll 
University Medical College. 

Patients with myasthenia gravis usually show a moderate creatinuria 
and an impaired ability to retain ingested creatine. The administration 
of glycocoll often increases the creatine excretion, or is followed by a 
creatinuria where none previously existed. When creatine is administered 
after the patient has been receiving glycocoll for a few days the retention 
is less than when creatine is given alone. A similar effect of glycocoll is 
observed in other types of muscle disease, and therefore is in no way 
specific for this condition. However, the absence of such an effect is con- 
sidered as evidence against the diagnosis of myasthenia gravis. The 
administration of ephedrine is without effect on the creatinuria, the crea- 
tine tolerance, or the action of glycocoll in altering the creatine tolerance. 
Both glycocoll and ephedrine are useful in the therapy of myasthenia 
gravis, and when both are administered together, a summation of their 
effects is obtained. Patients who had shown clinical improvement for 
many months when given glycocoll or ephedrine alone, displayed additional 
improvement when both were given together. 

Though ephedrine and glycocoll both have therapeutic effects, their 
action is different. To afford an explanation for these observations it is 
postulated that glycocoll acts primarily in furthering synthesis of phos- 
phagen, whereas ephedrine probably increases the rate of phosphagen 
resynthesis without affecting the urinary creatine. 
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Determinations of the pH of glomerular and tubular fluid in frogs and necturi. 
Hucu Montcomery and J. A. Prerce (by invitation). Laboratory 
of Pharmacology, University of Pennsylvania. 

Two methods have been developed for determining pH in minute 
amounts of fluid. One, colorimetric, makes use of phenol red in capillary 
tubes. The other, devised by Pierce in the laboratories of the Pediatrics 
Division of the Johns Hopkins Hospital, is a micro adaptation of the 
quinhydrone electrode. Both have been applied to the reactions of fluid 
in glomeruli and tubules. The results show that glomerular urine and 
plasma have the same pH; that no significant change occurs during pas- 
sage — the proximal tubule. The fluid becomes acid in the distal 
tubule. 


Reactions to irritating arterial injections in decerebrate and chronic spinal 
cats. R. M. Moore and E. L. Porter. The University of Texas, 
Medical Branch, Galveston. 

One of us has previously described the effects of intra-arterial injections 
of irritating solutions in cats anesthetized with sodium-amytal or with dial. 
This study has been extended by injections into the femoral arteries of 
animals in the acute decerebrate state (Sherrington guillotine) and in the 
chronic spinal state 6 to 10 days after section of the lower dorsal cord. 
In the decerebrate preparation movements of the extremities and changes 
in respiration were considered indicative of stimulation of receptors for 
pain. In the chronic spinal animal the criterion was movement of the 
contra-lateral leg, usually extension, or movement of the tail. Sodium 
chloride provided stimulation when the concentration reached 2.0 to 3.0 
per cent. Potassium chloride, made isotonic by adding sodium chloride, 
became effective at concentrations varying from 0.2 to 0.6 per cent. Mix- 
tures of sodium hydroxide and acetic acid, made isotonic by addition of 
sodium chloride, were tested to determine the degree of acidity required 
for stimulation. Reflex effects occurred when the hydrogen ion reached 
the concentration represented by pH 6.0. Excepting obviously defective 
animals in which the values were high, these thresholds for stimulation in 
decerebrate, and spinal cats are approximately the same as those for 
animals under sodium-amytal or dial. It is concluded that, despite the 
absence of vocalization, decerebrate and chronic spinal animals may be 
used profitably in studies of pain-sensibility. 


Partitioning of phosphate compounds in blood during glycolysis. S. 
Morcvuis. Department of Biochemistry, University of Nebraska. 
(Read by title.) 

The orthophosphate, pyrophosphate and hexosemonophosphate fractions 
of the total acid soluble phosphate compounds of the red blood cells have 
been determined before and after glycolysis in several animals, and an 
attempt has been made to correlate these findings with the degree of 
their glycolytic activity. In hog corpuscles, having a low glycolytic 
function, there is a very high content of P as orthophosphate and pyrophos- 
phate, which increase and decrease respectively during glucolysis. The 
former may increase 200 to 300 per cent. The hexosemonophosphate 
also invariably decreases, as does the undetermined P fraction. However, 
no relationship to the glycolytic activity can be deduced from these 
changes. The condition in the poorly glucolysing beef red cells is essen- 
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tially similar. The total acid soluble P being less than half the amount 
found in the hog cells the absolute differences are not so striking, but there 
is the same reciprocal relation between the changes in the orthophosphate 
and pyrophosphate fractions, only the diminution in the hexosephosphate 
or in the undetermined P fraction occurs here very exceptionally. Ina 
third type of poorly glycolysing cells, those of the horse, we still observe the 
striking rise in inorganic P during glycolysis, but the pyrophosphate P 
remains practically unchanged. The hexosemonophosphate, however, 
shows a greater or less diminution corresponding more or less to the gly- 
colytic activity. 

Two strongly glycolysing systems were also studied, rabbit and dog 
red blood cells. The acid soluble P concentration of the rabbit cells is 
very similar to that of the hog blood cell, and the changes which one 
observes in the inorganic, pyrophosphate and hexosemonophosphate P 
fractions during glycolysis are very similar in spite of the very great 
difference in the glycolytic activity of these two types of cells. However, 
considerable decreases in the undetermined P fraction are found in rabbit 
blood celis which do not seem to be directly related to their glycolytic 
activity. In glycolysing dog cells the inorganic P fraction may increase 
five- or sixfold, but the changes in the pyrophosphate fraction are variable; 
both increases and decreases have been found. The hexosemonophosphate 
fraction as a rule decreases, as does also the undetermined P fraction, but 
no relation can be established between these changes and their glycolysis. 


The effect of alcohol on cutaneous tactile and pain sensitivity. F. J. MULLIN 
(by invitation) and Arno B. Lucknarpt. Physiological Laboratory 
of the University of Chicago. 

Using the von Frey hair technique we studied the effect of the ingestion 
of 300 and 375 cc. doses of 20 per cent alcohol on cutaneous pain and tactile 
sensitivity. Control determinations were made on eleven skin spots on the 
face and hand regions immediately before the alcohol was taken. The 
same spots were used for obtaining readings of pain and tactile sensitivity 
every half-hour for 24 to 3} hours following the ingestion of the drug. 
Twenty-five experiments were performed on a total of ten persons. In 
five of the subjects blood and urine samples were collected for the purpose 
of analysing the alcohol content at the time of each sensitivity deter- 
mination. 

In every case the alcohol caused a distinct decrease in the pain sensitivity 
lasting about two to three hours. There was always a marked dissociation 
between the tactile and pain senses. The alcohol had practically no effect 
on the sensitiveness to touch as measured by this method. The general 
subjective sensations of the person tested did not parallel exactly the 
changes in the objective touch and pain responses following these amounts 
of alcohol. Nor was there a strict correlation between the above factors 
and the alcoholic content of the blood, both the general subjective feelings 
and the response to peripheral stimulation returning to normal before the 
blood alcohol had dropped to the control level. A short-lasting period of 
increased sensitivity to pain was usually recorded immediately following 
the depression caused by alcohol. 

The larger dose of alcohol gave more marked changes in sensitivity than 
the 300 ec. dose, though both doses caused a depression in sensitiveness to 
pain as definite as, or more so, than that caused by corresponding doses of 
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other analgesic drugs (morphine sulphate, aspirin, codeine sulphate, acet- 
anilid, antipyrine, pyramidon) or by sodium bromide or phenobarbital. 


Use of the von Frey hairs for studying cutaneous sensitivity. F. J. MULLIN 
(by invitation) and Arno B. Lucknarpt. Physiological Laboratory 
of the University of Chicago. (Demonstration.) 

In order better to acquaint the members of the Federation with the 
technique referred to in a communication on the effect of alcohol on cutane- 
ous sensitivity, a set of von Frey hairs for determining tactile and pain 
sensitivity will be demonstrated. Charts and typical results of experiments 
obtained by the use of this method will also be shown. 


A semi-automatic respiration calorimeter for man. JouHn R. MuRLIN and 
AuaN C. Burton (by invitation). Department of Vital Economies, 
University of Rochester, Rochester, N. Y. 

The instrument was designed originally for application of high frequency 
currents to the human subject and study of the effects of hyperthermia 
induced in this way. Consequently it is constructed largely of glass, wood 
and other low-conducting materials. The inner chamber wall is com- 
posed of pyrex glass in the form of 4 flanged cylinders measuring 23 inches 
in diameter, 19 inches in length and } inch thick. The cylinders are held 
together by bakelite rods and bakelite collars which compress rubber 
gaskets between the flanges. 

The water grid for absorption of heat is also composed of pyrex glass. 
Water circulates through this grid under a constant head and regulated 
thermostatically as to initial temperature. The difference of water tem- 
perature between the points of entering and leaving the chamber is reg- 
istered automatically on a thread recorder every two minutes, from resist- 
ance thermometers connected into a wheatstone bridge. The water rate 
is measured with an automatic water meter. Heat lost or gained to the 
chamber by the ventilating air current is recorded automatically in similar 
manner to the water current, i.e., an air-flow meter and resistance ther- 
mometers. The calorimeter is not adiabatic but emissive, some heat loss 
through the wall being purposely permitted, and measured. After trial 
of several methods the one which has proved most satisfactory is the use 
of two long nickel resistance wires sewed into tapes which are wound 
spirally about the outside of the glass chamber and on the outside of a 
blanket of insulating material (‘‘Dry Zero’’), on top (outside of) the glass 
chamber. The difference of resistance in these two wires recorded auto- 
matically serves to establish gradients of temperature across the insulation 
for different rates of heat production inside the chamber. By previous 
calibration with accurately known rates of heat production by electrical 
generation, corresponding to a given gradient, the heat loss through the 
wall from the human subject can be measured to an accuracy of five per cent. 

The ventilating air circuit is provided by a blower and the air circulates 
through a Benedict train for measurement of water and carbon dioxide, 
oxygen being admitted and measured through a meter. Examples of 
accuracy will be given. 


The experimental production of ventricular fibrillation, and its prevention by 
8 methyl acetyl choline chloride. L.H. Nanum (by invitation) and H. FE. 
Horr. Laboratory of Physiology, Yale University. 
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Sudden death in acute experimental poisoning with benzol (CsH¢) vapor 

results from ventricular fibrillation (Nahum and Hoff, Journ. Pharm. 
“xp. Therap., 1934). Within a minute or less after inhalation has begufff 
ventricular extrasystoles appear from one or many foci, leading to a ven- 
tricular rhythm from a single focus. In cases of fatal poisoning the ven- 
tricular rhythm increases in rate, and becomes a true ventricular tachy- 
cardia which culminates in ventricular fibrillation. 

Two factors have been shown to play a part in the production of these 
irregularities’ a direct action of benzol on the myocardium, and the pres- 
ence of adrenalin in the body. In animals from which the adrenal glands 
have been removed, and the stellate ganglia excised, inhalation of benzol 
does not produce ventricular extrasystoles, ventricular tachycardia, or 
ventricular fibrillations. Some or all of these rhythms promptly appear 
with the subcutaneous injection of adrenalin in quantities that before the 
inhalation of benzol produce none of these effects. 

8 methyl acetyl choline chloride (Mecholin) injected subcutaneously in 
doses of 2-5 mgm. per kilo, prevents the appearance of ventricular rhythms 
and thus protects the animals from sudden death. Quinine hydrochloride 
injected intramuscularly in whatever dose, had no effect on the appearance 
of these fatal rhythms. 


The secretion of intestinal juice as influenced by certain drugs and extracts. 
E. 8. Nasser and H. B. Pierce. Department of Vital Economics, 
University of Rochester, Rochester, N. Y. 

Previous work in this laboratory has shown that dogs with Ist and 2nd 
stage intestinal transplants respond to a meal with an increased secretion of 


intestinal juice. Therefore, it was felt that a humoral mechanism had 
been demonstrated. 

As indicated by Parry and Nasset (This Journal, 105,78, 1933) the technic 
developed by Wells (This Journal, 99, 209, 1931) for the determination of 
the so-called “absorbing force”’ of the intestine is adaptable to the measure- 
ment of changes in intestinal secretion in acute experiments. 

With the aid of this technic, the effects of intravenous administration 
of acid and salt extracts of the small gut of both dogs and swine were tried. 
These preparations were found to increase the rate of secretion and almost 
invariably to depress the blood pressure (carotid). In nearly all cases it 
was impossible to dissociate low blood pressure and increased secretion. 
The extracts contained enough secretin to stimulate the flow of pancreatic 
juice but the injection of purified secretin having a maximum effect upon 
the pancreas was without effect upon the small gut of the same animal. 

Pilocarpine, physostigmine and epinephrine all gave positive results of 
short duration. Acetyl choline and histamine in sufficient amounts to give 
a lowering of blood pressure comparable to that obtained with the extracts 
failed to have as great an influence upon secretion. 

The intravenous administration of 5 per cent Witte’s peptone resulted 
in intermediate lowering of blood pressure and a great augmentation in the 
rate of secretion. Infusion of 4.5 grams of peptone in solution in one ex- 
periment resulted in an increase in the rate of secretion of 1 cc. per minute 
which continued for } hour. Difco “Bacto-Peptone” failed to exhibit 
any effect upon either blood pressure or secretion. The administration of 
50 grams of Witte’s peptone by stomach tube to two dogs with chronic 
intestinal transplants was followed by a decided increase in the production 
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of intestinal juice. The effect was rather more pronounced in the dog in 
which the mesenteric connections to the transplants had been severed. 


The secretion of mucus of the normal and diseased stomach. H. N®cHELES 
and A. Coyne (by invitation). Department of Gastro-Intestinal 
Physiology of the Michael Reese Hospital. ; 

A test for the mucus secreting function of the stomach was developed. 
Pilocarpin was injected subcutaneously and the stomach was evacuated 
through a tube by constant suction. Samples were taken every ten minutes 
and put into a refrigerator immediately. Four samples were taken before, 
and six after the injection of pilocarpin. The visible mucus was measured 
by centrifugating each whole sample in a graduated centrifuge tube, the 
dissolved mucus was precipitated with acetone. Saliva flowed abundantly 
after the pilocarpin, and was removed from the mouth by constant suction. 
Thirty-one normal persons and 22 patients with peptic ulcer were ex- 
amined. Both, normals and patients must be grouped into two cate- 
gories—alcoholics and non-alcoholics. The latter group includes persons 
drinking small amounts of alcohol occasionally. 

Our results may be grouped as follows: 

A normal person has about 9 per cent of mucus (percentage of visible 
mucus in the entire sample of stomach juice) in his fasting stomach. After 
pilocarpin it rises to 12 per cent. The corresponding amounts in the 
patients with peptic ulcer are 7 per cent and 6 per cent respectively. Ha- 
bitual drinkers with peptic ulcer have 14 to 18 per cent respectively. 
Another noteworthy finding is that the combined acidity of the stomach 
juice rises after pilocarpin in the normals but not in the peptic ulcer 
patients. Mucus secretion seems to increase with age (the age of our normal 
subjects ranges between 18 and 54 years), but this must be confirmed on a 
larger series. We did not find a correlation between the amounts of dis- 
solved and visible mucus. 

Summary: In normal persons there is an increased secretion of mucus 
after injection of pilocarpin. This does not take place in patients with 
peptic ulcer. Drinkers may have peptic ulcer although their secretion of 
gastric mucus is greatly increased. It seems as if the mucous secretion 
of the stomach rises with age in normal persons. 


The distribution of white blood cells in the peripheral circulation of emotionally 
excited rabbits. L. B. Nick and H. L. Katz (by invitation). The 
Ohio State University. 

The effect of excitement (anger, fear and pain) on the leucocyte picture 
in the peripheral blood (ear veins) in normal and splenectomized rabbits 
was studied. The basal counts by making a series of determinations at 
fifteen minute intervals were first established in rabbits deprived of food 
for twenty to twenty-four hours. The rabbits were then fastened back 
downwards to an animal holder and teased for approximately three 
minutes by being stimulated from time to time by a weak interrupted 
Faradic current. The counts were again taken at fifteen minute intervals 
until they returned to normal. Standardized Trenner pipettes were used 
and at least two hundred cells counted in the majority of cases. 

In forty-six experiments on 17 normal rabbits, there was a marked leuco- 
penia in forty cases or 87 per cent while four showed no change, and in two 
there was a slight leucocytosis. 
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In fifteen experiments on splenectomized rabbits there was a marked 
leucopenia in thirteen cases or 87 per cent, while there were negative results 
in two cases. 

These results clearly indicate that emotional excitement in the rabbit is 
associated with a definite peripheral leucopenia which has no relation to 
the spleen. The leucopenia apparently is due to the redistribution of the 
white cells accompanying the vasoconstriction in excitement. 


Effects of local cooling of the surface of the brain stem on respiration. HayDEN 
C. Nicnotson. Department of Physiology, University of Michigan, 
Ann Arbor. 

A fine, copper tipped applicator through which fluid at varying tempera- 
tures could be circulated was placed in light contact with the surface of the 
brain stem. Most marked effects of cooling were obtained with the ap- 
plicator in contact with the floor of the fourth ventricle only a few milli- 
meters anterior to the calamus scriptorius. Varying the position of the 
applicator produced no distinct qualitative variation in effects. Definite 
changes in respiration could be produced with temperatures only ten or 
fifteen degrees below body temperature. More marked cooling might 
completely stop respiration. The usual effect of local cooling was a 
lengthening of the duration of the inspiratory phase of respiration at the 
expense of the expiratory phase. This usually resulted in a decrease in 
rate, sometimes very marked. However, in some cases in which respira- 
tion was characterized by a prolonged expiratory pause, cooling, by mark- 
edly shortening this pause might cause an increase in respiratory rate. 
These effects of local cooling could be obtained with either intact or sec- 
tioned vagi. 

The effects on respiration of stimulation of the vagus and saphenous 
nerves during local cooling of the surface of the medulla were studied and 
compared with the normal effects. The inhibition of respiration normally 
produced by strong stimulation of the central end of the vagus was almost 
impossible to obtain during local cooling, current strengths which would 
normally produce it having no effect or causing an acceleration. On the 
other hand, the increased respiratory rate normally resulting from strong 
stimulation of the saphenous was more marked and more easily produced 
during local cooling of the surface of the medulla. 


The relation of the time phases of muscular contraction in reciprocal innerva- 
tion. T. L. Parrerson. Wayne University, College of Medicine. 
The general characteristics of the muscular manifestations accompany- 

ing reciprocal innervation have been described by Sherrington. In the 

present investigation a study was made of the simultaneous time phases 
of the muscular contraction of a protagonist coexisting with inhibition of 
its antagonist. The gastrocnemius and tibialis anticus muscles of the 
grass frog, Rana pipiens, were employed. These muscles were isolated 
and the rest of the leg below the knee joint was cut away, as in making a 
nerve-muscle preparation. The animal was then mounted on a frog board 
which was placec slightly in an oblique position and attached to an iron 
stand. The tendons of the two muscles were attached to pulley wheels 
of separate light Harvard muscle levers and the contractions were recorded 
on a wide and rapidly moving plate of a Lingle spring myograph. The 
animals were double pithed and single induction shocks were applied 
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directly to the muscle. The activity of the two muscles was obtained 
under the following conditions: 1. Stimulation of the gastrocnemius with 
sciatic nerve intact. 2. Stimulation of the gastrocnemius with sciatic nerve 
sectioned. 3. Stimulation of the tibialis anticus with sciatic nerve intact. 
4. Stimulation of the tibalis anticus with sciatic nerve sectioned. 

An analysis of the results indicates that the excitatory phase of the 
protagonist exists with a simultaneous inhibitory phase of the antagonist, 
which is then followed by a contraction during and just following the be- 
ginning of relaxation of the protagonist. Furthermore, reciprocal reaction 
of the two muscles could be reversed. The length of the latent periods of 
protagonist and antagonist muscles are in support of the reciprocal innerva- 
tion theory of Sherrington, Stein and Tulgan, et al. However, Stein and 
Tulgan were unable to obtain a reciprocal reversal of these two muscles 
in either the frog or the cat, but with the flexor carpi ulnaris and the ex- 
tensor carpi ulnaris, as well as the biceps and triceps of the cat, a recip- 
rocal reversal could be elicited. 


Increased plasma bilirubin following intravenous injection of isoiodeiken 
(phenol-tetraiod-phthalein-sodium). W. D. Paut (by invitation), B. B. 
CuarK (by invitation), and F. M. Smirxa. Laboratory of Pathological 
Chemistry and The Department of Internal Medicine, The State Uni- 
versity of Iowa, Iowa City. 

In reviewing the incidence of cholecystitis in patients with diabetes 
mellitus, it was found that in the majority the gall bladder failed to be 
visualized on x-ray. To further determine this point, a series of patients 
with diabetes were given iso-iodeiken intravenously. Following the sug- 
gestion of Rosenthal, the liver function was also studied by determining 
the amount of dye in the blood plasma at definite intervals following the 
injection. In this procedure 1 ce. of blood plasma was precipitated by 
acid alcohol, centrifuged, the supernatant fluid made alkaline and allowed 
to stand for a few hours in the ice box, and again centrifuged. This gave 
a clear solution which could be compared in the colorimeter even when 
icteric bloods were used. It was noted that the blood plasmas drawn 
one-half hour or more after injection of the dye were more highly colored, 
and when a slight degree of icterus was present this seemed to be intensified. 
Bilirubin determinations (Gibson and Goodrich) were done routinely, 
therefore, on all specimens of blood drawn. These showed an increase 
in blood plasma bilirubin, reaching a maximum in 1} hours after in- 
jection, and persisting for at least 24 hours. This increase was about 1 
to 2.5 mgm. in non-icteric cases, and reached as high as 5 mgm. in jaundiced 
patients. Of 26 patients studied, all have shown an increase in plasma 
bilirubin. Three additional patients given the same dye by mouth showed 
increases of only 0.2 to 0.5 mgm. The results are interpreted as indicating 
actual injury to the liver caused by the dye injected (2.5 gm. in 30 cc. of 
distilled water). 


Carbohydrate metabolism studies in hypophysectomized albino rats. R. A. 
Puitiies and PHorese Ross (by invitation). Collis P. Huntington 
Memorial Hospital, Boston, Mass. 

Healthy, growing (70-140 grams) albino rats were hypophysectomized 
by the neck approach. Fifteen to sixty days later these animals and litter 
mate controls were fasted for 48 hours. They were then fed, by stomach 
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tube, 0.6 gram dextrose (in 30 per cent solution) per 100 grams body weight. 
One, 2,3 and 4 hours later they were sacrificed after administering sodium 
amytal intraperitoneally. The content of glucose remaining in the gastro- 
intestinal tract, the blood sugar and the liver and muscle glycogen values 
were then determined. Fasting values for the last 3 were also obtained. 

After hypophysectomy intestinal absorption was about 30 per cent 
lower than in the controls. Blood sugar values were about the same after 
feeding though much lower in the fasting animals (35-50 mgm. per cent). 
Glycogen was stored at a much lower rate in liver and muscle, after hypo- 
physectomy, particularily in the latter. The storage was much lower than 
could be accounted for on the basis of lessened intestinal absorption. Only 
7 to 11 per cent of glucose absorbed in 4 hours was deposited as liver gly- 
cogen as compared with 18 per cent in controls. Since the actual mass of 
muscle mass in the rat after hypophysectomy is not known it was not 
possible to determine the amount of absorbed glucose stored as muscle 
glycogen. The average value of muscle glycogen 4 hours after feeding was 
0.65 per cent in the controls while in the hypophysectomized rats it was 
0.21 per cent. 


Studies on the transplanted intestinal loop. III. The chemical analysis of 
intestinal juice. H. B. Prerce and E. 8. Nasser. Department of 
Vital Economies, University of Rochester, Rochester, N. Y. 

Intestinal juice was collected from sections of the upper jejunum 15 to 
20 em. in length which had been transplated under functionally hyper- 
trophied mammary glands of dogs. Experiments were conducted both 
before and after division of the mesenteric pedicle. In the latter condition 
the collateral circulation developed from the mammary vessels was ade- 
quate to maintain the loops in good condition. Succus entericus was 
collected during fasting periods and periods following food. 

Some analyses were made directly upon the fresh juice. In other ex- 
periments the juice was dried at 38 to 40°, and ground to a powder prior 
to analysis. 

Solids, total nitrogen, ammonia, carbonate, chlorine and ash were deter- 
mined in the fresh juice, and water, total nitrogen, urea, ammonia, ether 
extract, ash, chloride and carbonate in the dried juice. 

The average content of solids of the fresh juice was 2.63 per cent. The 
results of a typical analysis on the mixed dried intestinal juice of several 
dogs are as follows: Water 4.93 per cent, total nitrogen 8.85 per cent, urea 
1.28 per cent, ether extract 3.33 per cent, ash 29.94 per cent, chloride as 
NaCl 24.73 per cent and carbonate as NasCO; 2.59 per cent. 


The routes of absorption of caffeine and of strychnine in fish. F. H. PrKe. 

Columbia University. (Demonstration.) 

Small marine fish, e.g., Fundulus, are placed in separate containers with 
1, caffeine, and 2, strychnine in solution in sea water. The specimens in 
the caffeine solution swim about freely at first, but soon begin to show a 
rigidity of the muscles, leading to a constraint of movement and eventual 
death. The fish in the solution of strychnine swim about with no obvious 
symptoms so long as there are no particles in the sea water which they may 
swallow. They do not show any convulsions even after considerable in- 
tervals in the solution. If, however, a few crumbs are dropped into the 
solution, the fish swallow them and convulsions appear in a few minutes. 
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The inference is that caffeine may be absorbed through the buccal or 
branchial membranes while strychnine is not. Strychnine is, however, 
readily absorbed from the gastric mucosa. 

A second inference is that, in a perfectly uniform medium touching the 
mucous membrane of the mouth, no excitation for swallowing is set up, 
for when the fish swallow crumbs, they soon develop convulsions. Some 
departure from the uniformity of conditions is a necessary condition for 
inducing swallowing. 

Apparatus needed: One large glass dish, flat, 8 or 10 inches in diameter, 
2 or 3 inches high. Three smaller dishes, 4 to 6 inches in diameter, 2 or 
3 inches high. Two poison labels. 

Space needed: About 4 square feet of flat desk or table space. 

I will provide the fish, the caffeine, the strychnine, the sea water and the 
crumbs. 

Technical assistance needed: none. 


Distribution of phosphorus compounds in striated and cardiac muscles of the 
dog. Herrpert Eunice FLook (by invitation) and Jesse L. 
Boutitman. Division of Experimental Medicine, The Mayo Clinic, 
Rochester, Minnesota. 

Analyses of striated and cardiac muscle of the dog were done to determine 
the distribution of the phosphorus-containing compounds under normal 
conditions and after various dietary managements. In normal striated 
muscle the total acid-soluble phosphorus varied from 114 to 142 mgm. in 
each 100 grams of tissue. Phospho-creatine values were more constant, 
varying from 34 mgm. to 44 mgm. in each one hundred grams of tissue. 
The quantity of the Embden ester present was quite constant, the values 
being from 5 mgm. to 9 mgm. in each 100 grams of muscle. The ortho 
inorganic phosphate phosphorus averaged around 30 mgm. The greatest 
variations observed were in the nucleotide phosphorus fraction. More 
specifically pyrophosphate had been removed by hydrolysis. This might 
indicate that adenosine is not the only free nucleotide in the muscle ex- 
tract. The analysis of the cardiac muscle illustrated the dependence of 
creatine phosphate on an adequate oxygen supply. In removing hearts 
from intact animals artificial respiration must be instituted before opening 
the chest wall. The phosphocreatine content of the heart is about one- 
third of that found in an equal quality of striated muscle. The nucleotide 
fractions are as variable in the heart as in the striated muscle. 


Bilateral integration of reptilian lymph hearts. F.H.Pratr and M. A. Reip 
(by invitation). Boston University and the Evans Memorial. 
Although the members of the multiple pairs of lymph hearts in Amphibia 

are synchronized homolaterally, there is as yet no evidence of bilateral 

association, automatic or reflex (Pratt and Reid, 1932; F. T. Briicke and 

Umrath, 1933). In various reptiles, however, it is found from mechanical 

graphic records that the single pelvic pair of lymph hearts are associated 

in their rhythm and often synchronized. Such conditions are conspicuous 

in the turtle, where there is both coérdination of spontaneous beats and a 

highly developed system of local reflexes. Very light mechanical stimuli 

to the skin of flank or leg, passive movement of leg or tail, or mechanical or 
electrical stimuli to a lymph heart itself may elicit response of one or both 
hearts. Therefore the integration of spinal lymph-heart centers, purely 
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axial and homolateral in Amphibia, is in Reptilia, as exemplified in chelon- 
ians, subject to local reflexes influencing a system of crossed association. 


The effect of the growth and thyreotropic hormones of the anterior pituitary 
upon the calcium metabolism of the rat. L. 1. Puastey and BE. M. An- 
DERSON (by invitation). McGill University, Montreal. 
Hypophysectomized rats on a low calcium diet showed a negative cal- 

cium balance, upon administration of the growth hormone. The calcium 

balance was changed to a positive one. This change in the calcium balance 
occurred with the resumption of growth. 

An increase in the excretion of calcium in the feces was observed in 
normal rats upon administration of the thyreotropic hormone. This in- 
creased excretion coincided with the increase in basal metabolism. 


The mechanism of gastric inhibition following ingestion of carbohydrates. 
J.P. Quietey and K. R. PHewps (by invitation). Department of Phys- 
iology, Western Reserve University Medical School, Cleveland, O. 

The well-known inhibition of gastric hunger contractions which follows 
ingestion of carbohydrates may depend on nervous or humoral mechanisms. 
The absence of gastric inhibition following intravenous injections of lactose 
(Bulatao and Carlson) or dextrose (Quigley and Hallaran) tended to op- 
pose the humoral explanation. However, the recent investigation of 
Quigley, Zettleman and Ivy on the humoral inhibition of the stomach by 
fats has prompted a similar investigation on possible humoral factors in 
gastric inhibition by carbohydrates. 

Templeton and Quigley noted inhibition of a partly denervated stomach 
preparation (Heidenhain pouch) following dextrose feeding. We have 
observed inhibition of the completely denervated auto-transplanted gas- 
tric pouch and also the stomach denervated by vagotomy, splanchnico- 
tomy and celiac ganglionectomy when carbohydrates (dextrose, lactose, 
sucrose) enter the upper digestive tract. Thus the participation of a 
depressant humoral factor (chalone?) in gastric inhibition by carbohydrates 
is demonstrated. 

A nervous factor may normally be involved in gastric inhibition, for the 
normal stomach differs from the denervated tissue in the minimal quantity 
of carbohydrate required, in latent period and in duration of inhibition. 
These differences may, however, only indicate a reduced susceptibility of 
denervated tissue to the humoral factor. 

Initiation of the humoral factor as well as the nervous factor (if present) 
is dependent on contact of carbohydrate with the upper small intestine 
for gastric inhibition follows introduction of carbohydrate into the upper 
intestine of a dog with obstructed pylorus or with a pouch of the entire 
stomach but does not result from carbohydrate in the stomach of such 
animals or in the auto-transplanted gastric pouch. 


Autonomic reactions induced by electrical stimulation of the hypothalamus. 
S. W. Ranson, H. Kasart (by invitation) and H. W. Macovun (by in- 
vitation). Northwestern University Medical School. 

Under light nembutal anesthesia the hypothalamus of the cat has been 
explored millimeter by millimeter with a faradic current delivered through a 
needle-like biopolar electrode manipulated with the aid of the Horsley- 
Clarke stereotaxic instrument. Sympathetic responses such as dilatation 
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of the pupils and a rise in blood pressure were regularly obtained from 
stimulation of the hypothalamus and were accompanied by an increase in 
rate and depth of respiration. The region giving sympathetic responses 
extends from just behind the optic chiasma into the mesencephalic teg- 
mentum. Better reactions are obtained from the lateral part of the hypo- 
thalamus containing the medial forebrain bundle than from the medial 
part which contains the chief hypothalamic nuclei and forms the wall of 
the third ventricle. Stimulation of the medial forebrain bundle farther 
rostrally in the preoptic region fails to produce these responses. 

Stimulation of the preoptic region and of the septum in front of the 
anterior commissure caused contraction of the bladder accompanied by a 
decrease in rate and depth of respiration and sometimes by a fall in blood 
pressure and by slowing of the pulse. No significant rise in blood pressure 
was ever obtained from these regions. The response from the bladder 
could be traced backward through the hypothalamus and stimulation of 
the lateral part of the hypothalamus regularly gives a contraction of the 
bladder along with dilatation of the pupil and rise in blood pressure. It is 
believed that the cell masses concerned in this reaction are situated in the 
neighborhood of the anterior commissure and that the pathway extends 
backward through the hypothalamus. 


Ethyl alcohol as a fuel in muscular exercise. Davin Rapport, ATTiLIO 
CANZANELLI (by invitation) and Ruta Guitp (by invitation). Tufts 
College Medical School, Boston. 

The gaseous exchange of a dog was obtained in a closed system, about 
16 to 20 hours after a maintenance diet which was either ‘“‘normal,”’ ‘‘high 
carbohydrate,” or “high fat.’’ In the post-absorptive state the R. Q. of 
the animal at rest varied according to the previous diet, and, as in previous 
experiments, the R. Q. of exercise approximated that of rest, indicating the 
use of the same type of fuel. After alcohol, however, although the R. Q. 
in the resting state indicated that aleohol was being oxidized, the R. Q. 
of exercise reverted to that of the resting state before alcohol was adminis- 
tered, whether that R. Q. was high or low. The evidence obtained indi- 
cates that ethyl alcohol is not used as an oxidative fuel to perform muscular 
work. 


Passage of native proteins through the normal gastro-intestinal wall. Bret 
RATNER (by invitation). Departments of Immunology and Pediatrics, 
New York University and Bellevue Hospital Medical College, New York. 
The view most generally held to-day by the physiologist, chemist, and 

clinician is that undigested antigens are not absorbed through the normal 
gastro-intestinal wall; and that when such absorption does occur it is be- 
cause abnormal or pathological conditions exist. There is some evidence 
for the absorption of unsplit proteins under normal conditions, but this is 
regarded as a fortuitous occurrence. In the light of the conflicting opinions 
present in the literature and the important réle this subject plays in al- 
lergy and othe: conditions not yet clearly defined, we determined to re- 
open the problem. 

The experiments were divided into 2 parts. On the one hand, guinea 
pigs were fed cow’s milk and tested for their sensitivity either by subse- 
quent injections or subsequent feedings. On the other hand, medical 
students and children were passively sensitized (Prausnitz-Kiistner test) 
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with the serum of individuals sensitive to foods. To test their local sensi- 
tivity they were given these foods orally the following day. 

The experiments on a large number of animals (493) show that at least 
50 per cent can be sensitized through natural ingestion. In the human, 
not only with allergic, but with normal individuals, ingestion of foods, for- 
eign and natural to the diet, may enter the circulation in demonstrable 
amounts. 

This phenomenon is not only confined to the new-born or very young, 
but is also shown to occur in adults. 

As no trauma to the digestive tract occurred in the course of these ob- 
servations, and the experiments were carried out under generally normal 
conditions it is apparent that the ingested antigen must have passed the 
intact wall, and this passage of native protein is therefore physiological. 

Pathological factors which increase permeability may undoubtedly en- 
hance the absorption of proteins, but under normal physiological condi- 
tions this occurs with greater regularity than is generally believed. 

The physiological passage of native proteins is continually impeded by 
certain defence mechanisms, such as hydrolysis by digestive enzymes, 
general impermeability of the intestines, the development of specific anti- 
bodies, urinary excretion, cooking and various methods of preparing foods, 
and lastly, the tendency of man and animai to eat new foods sparingly and 
adhere to a more or less limited diet. 


The effect of corpus luteum extracts in hypophysectomized rabbits. 3. R. M. 

REYNOLDs and W. M. Frror. Johns Hopkins Hospital. 

Completely hypophysectomized rabbits were given five daily injections 
of Theelin. This treatment was followed by six daily injections of Cor- 
porin (Hisaw). Adequate operative controls were similarly treated. 
The difference in the endometrial response of the hypophysectomized and 
control animals is demonstrated. 


Changes in the glomerular filtrate during passage through the tubule in amphi- 
bia. II. Urea, inorganic phosphate, uric acid and creatinine. A. N. 
Ricuarps, A. M. Waker, C. L. Hupson (by invitation) and J. P. 
Henprix (by invitation). Laboratory of Pharmacology, University of 
Pennsylvania. 

The concentration of all these substances in the glomerular urine of frogs 
and necturi has been found to be the same as in plasma. Expressing the 
plasma concentration in each case as 1.0, the following values have been 
found for (1) fluid collected from the distal end of the proximal convoluted 
tubule and (II) fluid from the ureter. 


I 
Urea (necturus)..... 26 (av.) 
(frog) 1.43 (av.) 
Inorganic phosphate (necturus) . 1.26 (av.) 
. 1.18 (av.) 
0 
1 


~ 


Urie acid (necturus) 


4 -1.6 
Creatinine (necturus) 


13-1.9 


NONN 


Reabsorption of water seems adequate to account for this relatively slight 
concentration which occurs in the proximal tubules. This may not apply 
to two experiments, not included above, in which creatinine concentra- 
tion ratios were 3.0 and 4.65. 


II 

(av.) 

(av.) 

| (av.) 

.85-4.2 

-8.8 
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When the proximal tubule of necturus was perfused with Locke’s solu- 
tion containing none of the substance in question, urea was found in the 
recovered fluid in concentrations up to 111 per cent of plasma, phosphate 
up to 71 per cent, uric acid up to 46 per cent, creatinine up to 148 per cent. 
When the perfusion fluid contained more urea or phosphate than the 
plasma, the concentration of these diminished significantly during pas- 
sage through the proximal tubule. In two experiments with creatinine, 
it did not. 


Pregnancy urine given by mouth to rats: Effect on reproductive tract and on 
spontaneous activity. Curt P. Ricuter. Psychobiological Labora- 
tory, Phipps Clinic, Johns Hopkins Hospital, Baltimore, Md. 
Pregnancy urine was given to twenty-eight gonadectomized male and 

female rats in drinking water in dilutions varying from 1:2 to 1:100. 

With higher concentrations the rats drank less water, but in all groups the 

average amount of pregnancy urine received varied from 0.25 to 2 cc. per 

day. Even the small doses of 0.25 cc. or less per day were sufficient to 
maintain normal conditions of the reproductive tract with continuous 
cornified smears. There was no effect in any concentration on the atrophy 
of secondary sex organs of males; however the great inactivity which 
normally follows gonadectomy was completely counteracted in males as 
well as females, particularly in the lower concentrations of 1:30 to 1:100 
ec. per day, thus indicating that pregnancy urine contains a specific agent 
for activity independent of effects on sex apparatus. The reason for the 
greater effectiveness of pregnancy urine given this way than with extracts, 
may be due, either to loss of material in making extracts, or to the presence 
of other facilitating substances in the raw urine, possibly secretions from 
the pituitary. Urine from normals and castrates fails to give these effects. 

Amniotin in drinking water, 1:4, produces very small effects on activity 

and none on smears. Dried pregnancy urine given with food has powerful 

effects on activity and the reproductive tract. No untoward effects have 
been noticed in rats receiving pregnancy urine daily for as long as 80 days. 

This method has possibilities for clinical uses inasmuch as effective agents 

can be given cheaply and easily. 

The reason that so much oestrin is spilled in pregnancy urine may be 
associated with the marked reduction in spontaneous activity which has 
been shown to occur at this time. 


A possible explanation of the increased metabolism of diabetes. G.C. Rina. 
Department of Physiology in the Harvard Medical School. 
Observations on cats with pancreatic diabetes have shown that the 

metabolism remains about 40 per cent above normal, and the respiratory 

quotient below 0.75 unless the body weight is diminished by 30 per cent or 

more. With marked malnutrition caused by lack of insulin, there is a 

short period in which metabolism measurements show fluctuations. Then 

the respiratory quotient rises permanently above 0.75, the metabolism is 
lessened, and the acidosis disappears. I surmise that this change in respi- 
ratory quotient which follows a loss in body weight is the result of depleted 
fat stores and that the diminished fat combustion is very important in 
lessening the total metabolism. On the other hand, the augmented catab- 
olism of diabetes would be explained by increased use of fat. 

To test this explanation, I have tried, through feeding butter and cod 
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liver oil, to make normal and partially depancreatized cats burn large 
quantities of fat. In four experiments, I found a gaseous metabolism 
which was qualitatively and quantitatively similar to that in diabetes. 


Experimental interference with conduction in the ventricle. JANE SANDS 
Ross and J. G. Frep Hiss (by invitation). Laboratory of Pharma- 
cology, College of Medicine, Syracuse University. 

Experimental lesions of individual cardiac muscles have brought to light 
five facts related to conduction in the ventricle. 

1. The elimination of each of four muscles studied produces a charac- 
teristic alteration in the electrocardiogram. Thus elimination of the 
Superficial Bulbo Spiral causes a slight depression of S-T in lead 1 and a 
slight elevation of R-T in leads 2 and 3. A similar lesion of the Superficial 
Sino Spiral causes a slight elevation of R-T in all leads together with a 
negative T. Anemia of the Deep Bulbo Spiral produces a markedly ele- 
vated R-T in all leads, while a lesion of the Deep Sino Spiral results in an 
elevated R-T in lead 1 and an depressed S-T in leads 2and3. (Robb— 
Proc. Soc. Exper. Biol. and Med., 31, 311-313, 1933). 

2. Subsequent experiments have shown that the two deep muscles are 
much more effective in maintaining circulation than are the two superficial 
muscles. 

3. The two muscle cutting experiments described by Lewis have been 
repeated. It is found that mere separation of the muscle fibers longitu- 
dinally produces no change in the electrocardiogram but that when the 
fibers are cut transversely the electrocardiographic alteration is the same 
as if the blood supply had been ligated. 

4. If successive branches to a given muscle are ligated at sufficient in- 
tervals the characteristic alterations of the electrocardiogram are apparent 
in the first record and are intensified by each additional ligation. 

5. The coronary supply either to the Superficial Bulbo Spiral or to 
Superficial Sino Spiral at the apex can be ligated thus producing the char- 
acteristic change. A cut in another portion of the muscle with intact 
blood supply produces no further effect. This must mean that the initial 
lesion produced was maximal. 

Aside from noting that the elimination of specific muscles produces a 
characteristic electrocardiogram, the associated data strongly suggest that 
the conduction path of the action current in the ventricle will need re- 
investigation. 


Further studies on the effects of partial adrenalectomy on experimental dia- 
betes. J. M. Rocorr, B. O. Barnes, V. B. Scorr (by invitation) and 
H. Warp Frrritu (by invitation). University of Chicago and Western 
Reserve University. 

Previous studies indicated that unilateral adrenalectomy increased a 
dog’s sensitivity to insulin and decreased the glycosuria when the pancreas 
was removed. These studies were undertaken to see if the loss of the 
medulla, the cortex, or both, were responsible for the results. The opera- 
tions include denervation and partial destruction of the medulla on one or 
both sides, or this operation on one side with the other gland removed. 
The pancreas may be removed before or after the adrenal operations. Al- 
though the adrenals have been operated in several animals, we have re- 
moved the pancreas in only 3 animals thus far. In one animal the adrenal 
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on one side was denervated and a portion of its medulla destroyed. After 
removal of the pancreas, no glycosuria has occurred and the fasting (over- 
night) blood sugar on the fourth day after pancreatectomy was 90 mgm. 
The other two animals had one adrenal removed and the other one dener- 
vated with a portion of the medulla destroyed before pancreatectomy. 
One of these animals has shown no glycosuria and the fasting blood sugar 
was 92mgm. The other animal is showing some glycosuria, but it is less 
than usually found after removal of the pancreas. The two animals show- 
ing no glycosuria were more sensitive to insulin than the other animal before 
pancreatectomy. A larger series will be necessary to see if insulin sensi- 
tivity is correlated with pancreatic glycosuria. 


The metabolism of levulose. V. Influence of pregnancy. ALLAN WINTER 
Rowe, Mary A. McManus and Gertrupe A. Ritey. Evans Memo- 
rial, Massachusetts Memorial Hospital. 

Using the Hofmeister technique, i.e., graded doses of sugar with appear- 
ance of the sugar in the urine as evidence of an exceeded tolerance, the 
authors have studied the utilization of levulose in various phases of repro- 
duction. Series of normal pregnant women ante- and post-partum, toxic 
pregnancy with and without demonstrable liver complications both 
before and after delivery, and post-abortion patients, have all been investi- 
gated. Pregnancy produces a general lowering of the assimilation limit 
toward that of the non-mature child; in the toxic cases, the superimposed 
effects depress the tolerance still further. Broadly speaking, however, 
the capacit: of utilization of this sugar is somewhat less affected than is 


that of galactose. Further, an upward trend in the tolerance for levulose 
is manifest shortly after delivery in contrast to the further depression 
shown by galactose. The data from the series of cases of abortion reflect 
the duration of the pregnancy at the time of its termination. The data 
offer further support for the thesis that the mechanism of utilization of the 
two sugars is not identical although seemingly they have certain factors in 
common, 


The biological effects of thymus extract. L.G. Rowntree, J. H. CLark (by 
invitation) and A. M. Hanson (by invitation). Philadelphia Institute 
for Medical Research, the Laboratories of the Philadelphia General 
Hospital, Philadelphia, Pennsylvania, and the Hanson Research Labora- 
tory, Faribault, Minnesota. 

White rats (Wistar strain) have been injected intraperitoneally daily for 
nine months with an extract of thymus prepared by Hanson. In the first 
generation (Fy) treated test animals were heavier, bred more frequently, 
had larger litters of heavier average weight per rat; the control animals 
cast five litters, totalling twenty-two rats, the thymus treated pair nine 
litters, totalling eighty-six rats. Little of note appeared in the second 
generation (F,) except somewhat more rapid development, somewhat 
earlier eruption of teeth and earlier descent of testes, twenty-two to twenty- 
nine days. This tendency becomes more pronounced with succeeding 
litters. In a seventh litter (L. F.) the animals were larger, body hair was 
visible almost from the beginning, and teeth erupted on the sccond day. 

The third generation of thymus treated animals (F:), as judged from 
forty-three surviving rats, evidenced rapidity of development almost be- 
yond belief. Average birth weight was 5.3 grams; controls 4.4 grams (18 


a 
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animals). Teeth appeared and ears opened on the first and second day. 
Animals were completely covered with hair and eyes opened on the fourth 
to sixth day. Testes descended on the twelfth and vagina opened on the 
twenty-third to the thirty-first day. Estrus was established from the 
thirtieth to fortieth day. The female of one pair (LeF;), injected from 
birth, cast a litter at forty-two days. The growth curves of third genera- 
tion thymus treated rats compared with controls revealed marked accel- 
eration with the maximum difference about the sixteenth day and ap- 
proached each other after the sixtieth day. Treated animals appear 
unusually docile and contented. 

The effects of treatment which is continued through the grandparents 
and parents (acceleration in the rate of development) are much more 
marked on the offspring (third generation) than those resulting from con- 
tinuous treatment for the same length of time confined to parents alone 
(seventh litter first generation). 

It is evident, therefore, that this thymus extract has accelerated growth, 
development, maturity and fertility. The effects of thymus extract be- 
come progressively more pronounced as treatment is continued into suc- 
ceeding generations. 


The source of the impulses underlying the effects of post-brachial transection 
of the spinal cord upon fore-limb refleres. T.C. Rucu and J. W. Warts 
(by invitation). Laboratory of Physiology, Yale University. 

The source of the ascending impulses which underlie the augmentation of 
extensor reflexes (Schiff-Sherrington phenomenon) and depression of flexor 
reflexes of the fore limbs induced by post-brachial transection of the spinal 
cord has been investigated by optical isometric myographic recording 
of reflex contractions elicited by mechanically controlled stimulation 
(see THis JouRNAL, 1933, 105, 86). The first series of experiments 
showed that trauma and irritation from transection is not the source of 
ascending impulses because both extensor exaltation and flexor depression 
have been repeatedly observed after post-brachial ‘‘cold-block”’ and ‘“‘novo- 
caine-block”’ of the spinal cord. The lumbar enlargement is suggested as 
the place of origin by experiments in which exaltation of the fore-limb 
stretch reflex was produced by transections in the upper lumbar region. 
The following observations on the réle of the posterior roots of the lumbo- 
sacral segments in the genesis of ascending inhibition have been made. 
First, acute section of the 4th to 10th post-thoracic posterior roots on both 
sides has no effect upon the fore-limb stretch reflex. Second, bilateral 
section of ascending branches of posterior root fibres in the posterior 
columns is similarly without effect. Third, chronic section (1-14 days) 
proximal to the ganglion of all posterior roots on both sides below L3 
fails to increase the fore-limb reflex. Fourth, augmentation of the excita- 
bility of the stretch reflex by post-brachial transection occurs even after 
preliminary bilateral deafferentation of all segments caudal to the trans- 
ection, and the effect of transection is not detectably reduced by prelimi- 
nary deafferentation. From these observations, it is concluded that the 
lumbo-sacral spinal segments, though completely deprived of afferent roots, 
nevertheless originate, or transmit from intact afferent sources, a rostrally 
directed stream of impulses which restrain the reflex activity of the ex- 
tensors of the fore limbs. It is not decided whether the activity of de- 
afferented segments is due to long paths circuiting through them or whether 
such activity signifies a spontaneous central origin of nerve impulses 
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The functions of phosphocreatine in mammalian muscle. Jacoz Sacks and 
Witma C. Sacks (by invitation). Laboratory of Pharmacology, Uni- 
versity of Michigan Medical School, Ann Arbor. 

The amount of phosphocreatine hydrolyzed upon stimulation of the 
muscles of rabbits can be made to vary with respect to the amounts of lactic 
acid and of hexosephosphate formed. If the rabbits have been on a diet 
in which alkali is in excess, the amount hydrolyzed is small; if on a diet in 
which acidic materials are in excess, the amount hydrolyzed is markedly 
increased. The amount of hexosephosphate formed does not vary with 
this change in diet, nor does the amount of lactic acid formed. 

Calculations of the amount of base liberated both by the hydrolysis of 
phosphocreatine and by its conversion to hexosephosphate at pH 5.6 
show that in the animals which have been on an acid diet it is sufficient to 
buffer all the lactic acid formed. In the animals on an alkaline diet the 
total base liberated by these two reactions is equivalent to from 3 to ? of 
the amount of lactic acid formed. There is probably an alkali protein com- 
plex in the muscles of the animals on a diet containing excess base. The 
neutralization of this probably furnishes part of the necessary buffer, as 
postulated by Meyerhof. 

These findings are in harmony with the hypothesis that phosphocreatine 
has two functionsin muscle. The function of the conversion to hexosephos- 
phate is the dual one of furnishing energy for anaerobic work and of buffer- 
ing against part of the lactic acid which is formed as the product of the 
other energy-yielding reaction in the absence of oxygen. The function of 
the hydrolytic reaction is solely that of buffering against lactic acid and 
thus maintaining a constant pH within the muscle fiber. 


The effect of cholecystochinin on the resistance to the flow of bile into the duode- 
num. PH. SANDBLOM and W. VOEGTLIN (by invitation). Northwest- 
ern University Medical School. 

The effect of cholecystochinin on the resistance to the flow of bile from 
the common bile duct into the intestine was carried out by using a modifi- 
cation of Lueth’s method, which records changes in “‘sphincteric”’ or 
“intramural” resistance and duodenal motility simultaneously. 

Twenty-five injections of cholecystochinin were made into fifteen dogs. 
The most constant effect was a “‘periodic’”’ increase in duodenal motility 
(22 times). This was often combined with an increase in the intramural 
resistance (14 times). Twelve times this was followed by a periodic 
slight (2 or 3 cm. of Ringer’s solution) decrease in the resistance. Only on 
four occasions was the intramural pressure independent of the duodenal 
motility, indicating a special sphincter. 

It was concluded that cholecystochinin has a slight but unquestionable 
effect on the resistance to the flow of bile into the duodenum which in 
most, but not all, instances is closely correlated with concomitant changes 
in duodenal tone and motility. 


The intrinsic regulation of the circulation of the medulla oblongata. CARL 
F. Scumipt and JoHn C. Pierson (by invitation). Laboratory of 
Pharmacology, University of Pennsylvania. 

The thermoelectric method of Gibbs (Proc. Soc. Exper. Biol. and Med., 

1933, 31, 141), modified by the use of a negative heat gradient, was ap- 

plied to the dorsal aspect of the medulla in cats. A potent vasomotor 
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innervation was not disclosed by stimulation of cervical sympathetic, 
vagodepressor, carotid sinus, or perivertebral nerves; an occasional re- 
sponse to sympathetic stimulation was insignificant compared with the 
response of the instrument, inserted in muscle, kidney, or spleen, to stimu- 
lation of known vasoconstrictor innervations; adrenalin and asphyxia 
produced no trace of constriction of medullar vessels. Chemical agencies, 
on the other hand, had constant and marked effects: asphyxia, CO.-excess 
and O.-lack caused increase and overventilation caused decrease in medul- 
lary blood-flow. Quantitative comparisons indicated that CO, has prac- 
tically a specific influence, being more powerful and having a much lower 
threshold than changes in O, or pH. Apparently the intrinsic tone of 
medullary vessels is high, and it is opposed to varying degrees by vasodi- 
lator hormones among which CQ, is outstanding, thus constituting an 
intrinsic regulation that seems to be far more important than any nervous 
regulation we could discover. 


The effect of arsenite on medullated nerve. Francis O. Scumitr and Royce 
K. Skow (by invitation). Department of Zoology, Washington Uni- 
versity, St. Louis. (Read by title.) 

Sodium arsenite inhibits nerve respiration and abolishes irritability in 
very low concentrations (order of 0.0001 M.). The effect cannot be 
explained on the basis of ion imbalance but involves catalytic oxidation 
systems. Action potential block occurs only after an induction period, 
the length of which varies with the season; winter nerves may not be 
blocked for six to eight hours while summer nerves may be blocked with- 
in two to four hours. These effects on the action potential simulate the 
effect of cyanide, but direct tests show that far from blocking nerve oxi- 
dase, arsenite actually accelerates this catalytic system. Arsenite does, 
however, block nerve dehydrogenases and the degree of inhibition shows 
seasonal variation, summer nerves showing a much higher degree of inhi- 
bition than winter nerves. 

This opens up the possibility of determining the substrates which are 
specifically required for nerve conduction, the dehydrogenation of which 
is blocked by arsenite. Voegtlin et al. consider that arsenite inhibits res- 
piration by inactivation, through compound formation, of sulphydryl 
compounds in the cell. And we find that sulphydryl in the form of cys- 
teine or glutathione delays the arsenite block of the action potential 
considerably. We fail to find, however, any great protective action of 
sulphydryl on the arsenite inhibition of nerve respiration. 


Thermal micellar shortening of peripheral nerve. Francis O. Scumitt and 
Leo J. Wave (by invitation). Department of Zoology, Washington 
University, St. Louis. 

Frog sciatics shorten when heated, the shortening beginning at about 
48° and being complete by 60°. The amount of shortening averages about 
40 per cent of the original length of the nerve. Claw nerves of inverte- 
brates, as examples of nonmedullated nerves shorten as much as 65 per 
cent, the range lying between 60° and 90°. There are good reasons to 
suppose that this is due to micellar shortening of proteins of the axon, 
presumably the neurofibrils. Preliminary treatment with reagents such 
as formaldehyde, formamide, mineral acids, bases and salts, etc., which 
others have shown affects the reaction to heat of the protein micelles of 
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tendon and muscle in a characteristic manner, affects the thermal shorten- 
ing of nerve in a similar manner. Moreover, heated nerve, like heated 
muscle, tendon, or rubber, possesses considerable elasticity, particularly if 
freed of the restraint of the epineural sheath. 

Brodie and Halliburton who observed that thermal shortening occurs 
at the same temperature at which conduction fails and at which body pro- 
teins coagulate, assumed that thermal inactivation of nerve is due to 
coagulation of its proteins. We find consistently, however, that nerve 
conduction fails at a temperature from 3 to 5 degrees below that at which 
the first signs of shortening appear. One might argue however that this 
does not eliminate the possibility that the actual seat of conduction is the 
oriented protein micelles of the axon for the micellar rearrangements may 
actually begin at exactly the temperature at which irritability is abolished 
but that these initial changes are undetectable for mechanical reasons. 

Unfortunately, no clear decision can be reached at present for we find 
that other major processes which must be intimately associated with nerve 
conduction are also considerably inhibited at approximately the same 
critical temperature. Thus we find that resting respiration falls to 20 
per cent of normal at 45°, nerve dehydrogenases are blocked at 45°, and 
indophenol oxidase is blocked at 47° to 50°. 


An entirely non-mechanical method for the production of automatically 
synchronized voltages for the spreading of the oscillograph beam and for 
stimulation. Orro H. A. Scumirr (by invitation). Department of 
Zoology, Washington University, Saint Louis. (Demonstration.) 

In oscillographie studies on biological potentials the stimulus has, in 
the past, been synchronized with the sweep circuit by complex and expen- 
sive mechanical devices. The present apparatus eliminates the excessive 
cost of accurately machined instruments and yet retains practically all 
the advantages of mechanical systems and introduces a great increase in 
flexibility, accuracy, and range of variability. The system consists essen- 
tially of a master oscillator thyratron circuit which determines the fre- 
quency of stimulation, a second, connected, thyratron circuit which deter- 
mines the velocity of sweep of the beam, and a final thyratron circuit which 
produces the stimulating surges. These circuits are interconnected 
through a vacuum tube network which permits the constants of each of 
the circuits to be varied independently. 

This apparatus realizes complete independence and reproducibility of 
the following factors: 1, frequency of stimulation (range, 0.01—250/sec.) ; 
2, velocity of spreading (range, 0.3-10,000 em./sec.) ; 3, intensity of stimu- 
lation (range, 10,000 units); 4, characteristics of shock (14 variations 
available) ; 5, position of image on the screen. 

Additional features are the following. Every impulse is spread regard- 
less of frequency. The capacity between stimulating eiectrodes and 
ground is low. It is possible to spread without stimulating or to stimulate 
(maximum of 5,000 per sec.) without spreading. It is also possible to 
obtain synchronized single stimuli or burst of stimuli at arbitrary inter- 
vals. The apparatus is applicable either to direct-or to capacity-coupled 
amplifiers and only standard parts are used in the construction. 


Thyroxin and tissue metabolism. Axerita H. Scorr (by invitation). De- 
partment of Physiology, Columbia University. 


PROCEEDINGS 95 


A study of the effect of thyroxin (Squibb’s and also Harington’s syn- 
thetic, crystalline compound) on tissue metabolism has been made. Blood 
from the alligator was the tissue studied. The method is based on gas 
analysis and blood gas analysis. 

The oxygen consumption of the controls was 3.8 + 0.21! cu. mm. per 
gram of fresh weight per hour at 30°C. The R. Q. was 0.87 + 0.05. The 
temperature coefficient per 10° between 25° and 30°C. was 2.02. 

The oxygen consumption of the controls was 57 per cent higher during 
the month of June than during the winter and spring months. The R. Q. 
was 0.74 + 0.07. 

The oxygen consumption of blood from animals previously injected with 
thyroxin was 71 per cent higher than the controls at the same time. The 
R. Q. was 0.76 + 0.05. 

During June the oxygen consumption of the blood from thyroxinized 
animals was higher than that of the controls by 20 per cent. The R. Q. 
was 0.78 + 0.07. 

Heavy doses of thyroxin (up to 15 mgm.) frequently lowered the R. Q. 
to below 0.70, shortly after the injection. 

Thyroxin is only slowly destroyed, persistent effects being apparent 
six to eight months following the last injection. 

The thyroxinized animals increased in weight beyond the controls. The 
red cells were also increased in number. There was no apparent correla- 
tion between the changes in metabolic rate and the white cell count. 

Thyroxin changes the bicarbonate level and the buffering power of the 
blood. Thyroxin completely reverses the seasonal variations in BHCO,; 
of the controls. 

Thyroxin as its early effect brings about an acidosis, low BHCO,; and 
pH. Later there develops a very remarkable alkalosis, high pH and 
BHCO; at the same tension of CO,.. The buffering power of the blood 
from the thyroxinized animals is much higher than that of the controls 
during the later period. 

Lactic acid formation and glucose consumption are much accelerated in 
blood from thyroxin injected animals. 

Thyroxin added directly to the blood in some cases increased the oxygen 
consumption, which without a proportional increase in CO, formed, pro- 
duces a lowering of the R. Q. 


The sensitivity to insulin. V.B.Scorrt (by invitation), H. Warp FrerRIL. 
(by invitation), J. M. Rocorr and B. O. Barnes. University of Chi- 
cago and Western Reserve University. 

Using dogs as the experimental animal, a study is being made of the 
sensitivity to insulin in various endocrine disturbances. This report in- 
cludes normal animals, hypophysectomized animals, and animals with 
partial adrenalectomies or denervations. The blood sugars have been 
followed at intervals after the injection of insulin. Both subcutaneous 
and intravenous injections of insulin have been made in an attempt to 


1 Deviations are mean deviations of the mean: 
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standardize a procedure for insulin sensitivity. Our studies indicate that 
dogs with the hypophysis removed soon become more sensitive to insulin, 
and the convulsions which are readily relieved by glucose may recur unless 
large quantities of the sugar are administered. Dogs with one adrenal 
removed, one adrenal denervated, or one adrenal removed and the other 
denervated, all show an increased sensitivity to insulin. In a limited 
number of animals which were more sensitive than normal to insulin after 
the loss of one adrenal, the sensitivity increased further after the other 
adrenal was denervated. 


Studies on pseudo-pregnancy. and T. McKeown (by invitation). 
McGill University. 
_A condition resembling pseudo-pregnancy was produced in non-lactating 
adult female rats by the mechanical stimulation of the nipples by an 
actively nursing litter. 


The réle of carbon dioxide in producing the symptoms of acute oxygen poison- 
ing. Lovis A. SHaw and AtBert R. BEHNKE (by invitation). De- 
partment of Physiology, Harvard School of Public Health, Boston. 

The symptoms of acute oxygen poisoning in dogs and the réle of carbon 
dioxide in producing these symptoms were studied while 100 per cent 
oxygen at a pressure of 4 atmospheres absolute was breathed. The experi- 
ments were carried out in a compression chamber which was sufficiently 
large to include two operators, who were in attendance throughout the 
period of oxygen exposure. It was shown that the higher the alveolar 


carbon dioxide tension the shorter the exposure to oxygen necessary to 
induce the symptoms of oxygen poisoning. On the other hand, if expo- 
sure to high oxygen tensions is sufficiently prolonged the symptoms may be 
induced by carbon dioxide tensions that are less then normal. It is con- 
cluded, therefore, that the oxygen tension is the primary cause and the 
carbon dioxide tension only a contributing cause of the symptoms attend- 
ing high oxygen pressures. 


The circulation time of the blood in dogs before and during the digestion of 
food. CHARLES SHeaRD, Eart C. McCracken (by invitation) and 
Hiram FE. Essex. The Mayo Foundation and The Mayo Clinic, 
Rochester, Minn. 

The circulation time of the blood was investigated by the use of an en- 
semble of physical apparatus consisting of an ionization chamber (Geiger 
Counter), a high voltage (to 2500 volts) power supply for the chamber, a 
three-stage amplifying system, and an output circuit for recording and 
timing discharges which occur in the ionization chamber when radiations 
(gamma or beta rays) are admitted to the chamber. In each experiment 
the injection of radium C was made into the jugular vein and the interval 
of time between the injection and the arrival of the radium below the 
ionization chamber, located over the femoral artery lying in the adductor 
canal, was recorded graphically. The results of the investigations show 
that the circulation time of the blood in dogs previously fasted is reduced 
20 to 35 per cent during the digestion of a mixed meal. In one series of 
experiments, simultaneous records were made of blood flow (modified 
Rein method) and circulation time before and during digestion and it was 
found that increases in blood flow were coincident with the decreases in 
circulation time. 
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The total and differential white cell count in adrenalectomized rats. H. A. 

SHECKET (by invitation). Ohio State University. 

The total and differential white cell counts of the blood of thirty-six 
normal albino rats were determined. These animals were then bilaterally 
adrenalectomized via the dorsal route at one operation. All of these 
thirty-six animals died of adrenal insufficiency, since other rats with ad- 
renal ‘‘rests’’ were discarded. 

The total white cell count, in comparison to the normal state, decreased 
in 53 per cent of these rats within two or three days after adrenalectomy. 
Before death, however, there was an increase in the total number of white 
cells in 89 per cent of the animals. 

The differential count showed wide variations after adrenalectomy. The 
percentage of lymphocytes, however, was increased with a concomitant 
decrease in neutrophils in 52 per cent of the rats. The eosinophil, baso- 
phil, basophil and monocyte percentages showed no significant changes. 


On the mechanism of action of a blood sugar raising principle extracted from 
the hypophysis. LEonarRD B. SHPINER (by invitation) and SAMUEL 
Sosk1n. Metabolic Laboratory of the Department of Physiology, 
Michael Reese Hospital, and the Department of Physiology, University 
of Chicago. 

The subcutaneous injection of 2 cc. of an alkaline extract of the hypo- 
physis, prepared according to the method of Loeb and Bassett, was 
found to consistently cause a significant increase in the blood sugar level 
of normal dogs. While this effect varied in intensity and duration 
in different animals, it usually began within 15 minutes and reached 
its peak within two hours. Extracts of liver and muscle, prepared in 
the identical manner, did not show this effect. 

When such a pituitary extract was injected every day or every second 
day, the fasting blood sugar level of the normal dogs steadily declined 
until hypoglycemic levels were reached. As the fasting blood sugar level] 
decreased, the immediate hyperglycemia caused by the injection decreased 
or disappeared. When the administration of the extract was discontinued, 
the fasting blood sugar levels gradually returned to normal. Resumption 
of the injections again caused immediate rises in the blood sugar. 

The administration of this extract to depancreatized dogs, maintained 
in an approximately constant diabetic state on a meat-sugar-raw pancreas 
diet and insulin, caused marked increases in the hyperglycemia and glyco- 
suria of these animals. Upon repeated injection, the fasting blood sugar 
levels did not fall; they rose. When these animals were completely thy- 
roidectomized, the fasting blood sugar levels and the glycosuria decreased 
somewhat, but the hyperglycemic action of the extract persisted. 

The extract did not raise the blood sugar of ergotaminized or adrenalec- 
tomized dogs, or of animals given a high spinal anesthesia. 

It is evident that the blood sugar raising principle in our extract does not 
act through the pancreas or thyroid gland, but through the adrenals. The 
pancreas is necessary, however, for the overcompensating reaction to the 
extract which occurs in normal animals. 


Effect of adrenalectomy on chloride and water balance. HERBERT SILVETTE. 


Physiological Laboratory of the University of Virginia Medical School. 
Cats dying within two days after adrenal excision show normal or slightly 
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lowered serum and muscle chloride levels. Hepatic chlorides are apparently 
increased over the normal level. Muscle water is somewhat increased, 
and the liver is definitely hydrated; the water content of serum, however, 
remains unaltered. 

Animals which survive the operation for several days (average, 7 days) 
show decreases in serum, liver and muscle chlorides. In these cases the 
blood serum is slightly dehydrated, the liver water is lower than that ob- 
served in short-surviving cats, and the water content of muscle is very 
considerably increased. 

After adrenal removal the kidney excretes chlorides in abnormal quan- 
tities, although the fluid output is concomitantly reduced. The accom- 
panying loss of tissue chlorides therefore appears referable to the enhanced 
renal excretion of the substance. With respect to water balance the condi- 
tions are reversed. The oliguria is attended by an increase of water in the 
tissues, and the concentration in the muscle (the main fluid depot of the 
body) progressively increases with the survival time. 

In prolonged fasting, i.e., after the first few days, small but constant 
amounts of chloride are excreted in the urine. The adrenalectomized 
animal has a normal salt intake up to the time of terminal anorexia, but a 
heightened renal excretion of chlorides. In the muscle and liver of both 
starving and adrenalless animals the concentration of water and chlorides 
is approximately identical. 

From this evidence it is concluded that the derangements in chloride and 
water metabolism observed after adrenalectomy are not specifically related 
to cortical function. Comparable or even more profound chloride and 


water shifts in the animal tissues may be produced by different experi- 
mental procedures without prejudice to normal life. In contrast, the 
carbohydrate deficiencies which occur in adrenalectomized animals are 
incompatible with life and are not nearly approximated by any other 
experimental condition. 


A chemical consideration of red and white muscle.’ H. Sttverre and 8. W. 
Britton. Physiological Laboratory of the University of Virginia 
Medical School. (Read by title.) 

Breast (white) and leg (red) muscle and liver from 20 brown Leghorn 
cockerels and pullets were analyzed for water, chlorides and glycogen. 
White muscle contained more water and a higher percentage of chlorides 
than red, but only about one-third as much glycogen. The concentrations 
of the various constituents were found to be as follows: 

Red muscle: water 77.2, chlorides 0.061, glycogen 0.24 per cent respec- 
tively. White muscle: water 76.1, chlorides 0.041, glycogen 0.89 per cent 
respectively. Both kinds of striated muscle thus contained less water and 
chlorides and more glycogen than smooth muscle from the stomach of the 
fowl (Evans, Physiol. Rev., 1926, 6, 358). 

Some significance, as yet incompletely determined, is to be placed on the 
reciprocally varying water and chloride-carbohydrate relationships. 

Blood sugar of the chickens averaged 157 mgm. and serum sugar 162 
mgm. per cent. The glycogen content of the liver varied twenty-fold 
under different experimental conditions (from 0.06 to 1.2 per cent), but the 
hepatic water remained relatively constant at 73.3 + 0.8 gram per 100 
grams of tissue. The same lack of correlation between liver glycogen and 
water content, previously noticed in the mammalian liver, is therefore ob- 
served in the case of the avian organ. 
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Electrical activity of the motor cortex during cerebral anemia. H. N. Simp- 
son and A. J. DerBysHtIRE (by invitation). Harvard Medical School. 
The action potentials of the motor cortex of the cat have been studied 

by means of a suitable amplifier, loud speaker and cathode ray oscillograph. 

Under light avertin anesthesia both common carotids were exposed and 

ligatures placed loosely about them. The motor cortex was then exposed 

leaving the dura intact. The extent of the motor cortex was determined 
by electrical stimulation with an induction coil. Coérdinated flexion of 
the front and hind limbs was the typical response elicited. 

The spontaneous activity of this region of the cortex showed bursts of 
rhythmic waves of the order of two hundred micro-volts, and frequencies of 
8 to 18 per second. 

The large waves which appeared were similar to those described by Korn- 
miiller for cortical fields containing large cell bodies. 

Cortical anoxemia produced by traction of the ligatures on both earotids 
resulted in complete loss of action potentials from the motor area after 
approximately 20 seconds. In more than 50 per cent of the cases a defi- 
nite spasm appeared characterized by hypertension of the hind limbs and 
clonic activity of the fore limbs, which coincided with the loss of cerebral 
activity. Approximately 30 seconds following the release of the carotids 
the cortical action potentials reappeared and simultaneously there was 
relaxation in the limbs. 

Not all animals showed the convulsion but in those that did the cortex 
was always completely inactive during the period of anoxemia. 

We suggest that this spasm in the cat is a release phenomenon appearing 
only when the cortex becomes inactive. Some of the spontaneous waves 
are therefore related to the cortical activity which holds in check the sub- 
cortical centers. 


Effects of illuminating gas on reproduction in the rat. ERMA Smita and I. 
WILLIAMS (by invitation). Physiology Laboratory, Iowa State College. 
Female rats exposed daily for one hour in a closed circuit respiration 

apparatus to 1.42 per cent gas-air mixture (0.36 per cent CO) failed to rear 

young. The exposures were begun when the rats were 40 to 80 days of 
age and continued for 120 to 200 consecutive days. Ovulation occurred 
normally and was followed by corpus luteum formation. Occasional rats 
became pregnant during the early part of the experiment. In some of 
these resorption occurred; in others the feti died in utero; in others they 
were born dead or died soon after birth. No young have survived. 

Male rats so treated have given rise to no pregnancies. The sperma- 
tozoa of such rats are non-motile. 

There is little effect on appetite or body weight. Litter mate controls 
in the same room and on the same diet have given rise to numerous pro- 
geny during the course of these experiments. 


The effect of a diet low in inorganic constituents on the voluntary activity of 
the albino rat. Pau. K. Smita (by invitation) and Artuur H. 
Department of Physiological Chemistry, Yale University. 

Male albino rats are grown rapidly to 130 grams and then divided into 
three groups: I. Given ad lib. a synthetic diet extremely poor in ash, 
notably fixed base. II. Given an adequate diet in the same quantity as 
consumed by I. III. Given an adequate diet ad lib. Over a period of 
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ninety days the rats of group I gain only about ten grams while those of 
group II gain about half as much as do the rats receiving unlimited quanti- 
ties of adequate food. 

Voluntary activity was measured in the revolving drum-type cage. 
The rats of group I soon showed a distinct decrease in spontaneous activity 
which persisted to the end of the experimental period (90 days). This 
decrease in activity took place long before the running ability of the rat was 
impaired. In accordance with some previous observations all groups of 
animals tend to show a gradual decline in activity with age. 

The effect of a diet low in inorganic constituents on spontaneous activity 
has not previously been studied. However investigations of the effects 
produced by complete starvation, diets devoid of protein, low in lysine 
content, or merely low in calories have shown that all these produce an 
increased activity in the rat. Anderson and Smith (Journ. Comp. Psy- 
chol., 1926, 6, 337) point out that such a difference may be due to a, a 
difference in the stage of development; b, a specific effect of the dietary 
deficiency, or c, a general factor conditioned by the low nutritive plane of 
the stunted animal, but independent of the type of stunting used. 

The present experiments support the hypothesis that a change in spon- 
taneous activity is a specific effect of the dietary deficiency. 


An electron tube chronaximeter. J. M.SNoparass (by invitation). Ober- 
lin College. (Demonstration.) 

An electron tube device is shown by means of which the chronaxie of an 
excitable tissue may be measured. The measurement of time by this 
apparatus depends upon the charging time of a standard capacity and 
subsequent discharge by a Thyratron tube. The break-down of the 
Thyratron short circuits the electrode circuit. A substantially rectangu- 
lar wave form is employed which is produced by a constant current tube. 
The time interval is controlled by a calibrated dial from which the reading 
is taken directly. The instrument permits a relatively simple calibration 
technique. 


Method of measuring heat production in contracting muscle. C.D. SNYDER. 

The Johns Hopkins University. (Lantern slides.) 

Recording temperature rise in contracting muscle by means of thermo- 
pile and galvanometer, the area described by the galvanometer-time curve 
ought to be a measure of the net heat production. Such areas measured 
by planimeter have already been used by the author in a study of relative 
amounts of heat production (THis JourNAL, in press). The present in- 
vestigation is concerned with the determination of the constants neces- 
sary to be applied in order to convert unit area of galvanometer-time curves 
into absolute energy units. Control experiments show that the warm- 
junctions of thermopiles heated from 0.34 to 14.0 seconds at rates varying 
from 3.10-* to 24.10~* cal./sec. give galvanometer-time curves whose 
areas tend to bear a constant ratio to their corresponding maximum galva- 
nometer excursions; the constant moreover is the reciprocal of the sp. ht. x 
wt. of the substance (paraffin) heated. This of itself is evidence that the 
relation of height of excursion to area of excursion-time curve is one of 
temperature rise to heat liberated. Heights of excursion and areas of 
galvanometer response as recorded in thermomyograms (gastrocnemius 
muscles stimulated with single induced shocks through their nerves) simi- 
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larly bear ratios to one another that tend toward constants. These latter 
are somewhat higher than those found in the paraffinexperiments. Factors 
other than sp. ht. and wt. of substance, chiefly the difference in coefficients 
of heat-conductivity of the two substances, doubtless will account for the 
difference in ratio values of the galvanometer responses. The tensions 
developed by the muscles were varied from 370 to 1790 grams, the max. hts. 
of galv. deflections from 4 to 49 mm., and the areas from 63 to 775 mm.? 
If unit area of galvanometer deflection can be put equal to unit of heat 
energy a worthwhile saving of time can be gained in the analyses of the 
graphic record of heat production of muscle. 


The hypoglycemic phase following the normal dextrose tolerance curve. 
SAMUEL SoskIN and M. Davin ALLweiss (by invitation). Metabolic 
Laboratory of the Department of Physiology, Michael Reese Hospital, 
and the Department of Physiology, University of Chicago. 

In a previous communication it was shown that normal dextrose toler- 
ance curves can be obtained in depancreatized dogs, which are receiving a 
constant injection of insulin plus dextrose just sufficient to maintain the 
blood sugar at a constant normal level. On the other hand, hepatecto- 
mized dogs receiving a constant injection of dextrose sufficient to maintain 
a normal blood sugar level, yield consistently “diabetic” tolerance curves. 
From these and correlative data, it was concluded that the pancreas is not 
essential to the metabolic reactions which determine the normal dextrose 
tolerance curve, while the liver is essential. 

In two of the normal dextrose tolerance tests obtained in the above de- 
pancreatized animals, the final blood sugar values fell below the pre-test 
levels. The present report deals with the results of experiments designed 
to magnify this hypoglycemic phase and to elucidate its mechanism. 

Completely depancreatized dogs were given constant injections of in- 
sulin plus dextrose sufficient to maintain a constant normal blood sugar 
level. After a suitable initial control period, an additional constant 
injection of dextrose was superimposed for three or more hours. When 
the injection of the extra sugar was stopped, while the original insulin plus 
dextrose was continued, the blood sugar fell to values well below the 
initial level and sometimes reached real hypoglycemic figures. 

The fact that such marked hypoglycemic reactions were obtained under 
the conditions described, confirms the results and conclusions reported in 
our previous paper, and shows that the hypoglycemic phase which follows 
the normal dextrose tolerance curve can be explained without assuming a 
mobilization of insulin from the pancreas. 


Studies on the heart and circulation in disease; estimations of basal cardiac 
output, metabolism, heart size, and blood pressure in 235 subjects. Isaac 
Starr, JR., J.S. Donat (by invitation), A. MARGoLIEs (by invitation), 
R. SHaw (by invitation), L. H. Couiuis (by invitation), and C. J. 
GAMBLE (by invitation). Laboratory of Pharmacology, and the Medi- 
cal Division of the University Hospital, The University of Pennsylvania. 
This study was made possible by the development of the katharometer 

method for the analysis of ethyl iodide by Donal and Gamble. This 

improvement so greatly increased the rapidity with which the cardiac 
output could be estimated that over 500 determinations have been made 
on 235 subjects. These included 31 healthy persons and 204 patients from 


102 AMERICAN PHYSIOLOGICAL SOCIETY 


the wards of the University Hospital. The data contain groups of pa- 
tients with intercurrent disease not affecting the circulation, with anemia, 
hypertension, hyperthyroidism, and neurocirculatory asthenia, also a 
few cases of Addison’s disease, myxedema, and arteriovenous communica- 
tions. Cases of various types of heart disease were studied also, e.g., 
patients who had once been decompensated, cases of valvular disease, and 
of arrhythmia, of coronary occlusion, of angina pectoris and of aneurysm. 
On the other hand patients with acute cardiac decompensation, with ad- 
vanced pulmonary disease, or with fever, were not studied. 

The results have been subjected to statistical analysis. By this means 
the relationship of the cardiac output to age, sex, body surface, body 
weight, and heart size has been studied. The normal limits of cardiac 
output, heart work, stroke volume and arteriovenous oxygen difference 
have been defined, and the deviations in disease noted. These values give 
information concerning the circulation, but throw little light on the condi- 
tion of the heart. 

The most promising method of detecting myocardial disease is by the 
relationship of heart work per beat to heart size, an extension of Starling’s 
“Law of the Heart,” to clinical conditions. The normal limits of this 
relationship have been defined: healthy persons, patients with disease not 
affecting the circulation, and patients with disease of the circulation but 
with presumably normal hearts, give values within the normal range. 
But in patients with undoubted myocardial disease (who had once been 
decompensated) this relationship is abnormal almost without exception. 


Studies in the physiology of exercise. XI. The effect of physical training on 
the basal pulse rate. ArtTHuR H. Sternnaus and Tuomas A. JENKINS 
(by invitation). George Williams College Laboratory for Physiologic 
Research in Physical Education, Chicago. 

The basal pulse rates of a number of dogs were secured under conditions 
prevailing for basal metabolism studies, over a period of five years. From 
a careful comparison of the pulse rates in these dogs taken during periods 
of inactivity and during periods of high physical activity leading to an 
excellent trained state, it is impossible to draw any definite conclusions 
concerning an effect of training on the basal pulse rate. In some instances 
the pulse rate was lowered during training, while in other cases it remained 
unchanged. Dogs held as inactive controls, while others were in training, 
at times showed drops in the pulse rate as great, if not greater, than those 
which were in training. In interpreting these results it is important to 
distinguish between basal pulse rate and resting pulse rate. The latter is 
the observation most commonly made by other workers. 


A comparison of pituitrin, pitocin and pitressin on the water interchange in 
frogs. F. R. Steccerpa (by invitation) and Hrram E. Essex. De- 
partment of Physiology, University of Illinois, Urbana, and Department 
of Physiology, Mayo Foundation, Rochester, Minnesota. (Read by 
title.) 

The fact that frogs injected with small doses of pituitrin, increase ap- 
proximately 15 per cent of their body weight within four hours, leads one 
to investigate the comparative effects of pitocin and pitressin on weight 
changes in frogs. 

Four frogs were kept almost completely submerged in water at room 
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temperature and were weighed accurately to 0.1 gram. Three were then 
injected with pitocin (0.1 cc. per 10 grams body weight); the other was 
kept as a control. 

Following the injections, weighings were made on the four frogs at 30 
minute intervals for 8 hours. The percentage weight changes in the 
experimental and control frogs were then calculated, averaged and plotted 
against time. For comparison similar experiments were done with pi- 
tressin and pituitrin. 

The results indicate that pitocin increases the frog’s weight about 22 
per cent, whereas the frogs injected with pitressin increase only 10 per cent. 
Those injected with pituitrin were mid-way between with a weight increase 
of 15 per cent. . 


A comparison of the Piezo-electric myogram with the electrogram of mamma- 
lian muscle. R.H. Sterson (by invitation), H.C. Stevens and J. M. 
SnopGrass (by invitation). Psychological Laboratory, Oberlin Col- 
lege, Oberlin, Ohio. 

The mechanical response of the gastrocnemius muscle of the decere- 
brate cat was recorded oscillographically by means of a quartz crystal 
myograph, simultaneously with the electrogram of the same muscle simi- 
larly recorded. This method of recording makes possible a rigorously 
isometric technique. Direct coupled amplifiers of the pushpull type were 
used. The system of amplification was demonstrated to be substantially 
without distortion by reproducing in the output a known photo-electric 
input. The mechanical lag in the system was shown to be substantially 
zero. The stimulus was a single condenser discharge graded by means of a 
voltage divider. The mechanical response of the muscle was measured in 
terms of the area of the Piezo-electric myogram by means of a planimeter. 
This area which represents the mechanical impulse of the muscle is the 
integral of fdt. Corresponding to the mechanical impulse is the current 
impulse which is the integral of idt. The quantity of current or the integ- 
ral of idt is the area of the oscillographie record of the action current of the 
muscle. In these experiments we have compared the mechanical impulse 
with the current impulse as just defined, in preference to comparing maxi- 
mal tension with the maximal amplitude of the action current. Our re- 
sults show a definite correlation between the quantity of force and quan- 


tity of current, that is 
=k fia 


Effects induced by the incorporation of an infusion of coffee in an adequate 
ration fed albino rats. PrEarL P. Swanson and CLare A. STORVICK 
(by invitation). Nutrition Laboratory of the Foods and Nutrition 
Department, Iowa State College, Ames. (Read by title.) 

An adequate synthetic diet rich in calcium and phosphorus was fed to 

a control group of rats; the experimental group received the same diet 

into which coffee had been introduced by drying an infusion on the corn- 

starch used in the ration. The coffee extract, prepared by vigorously 
boiling 170 grams of pulverized coffee and 2 liters of water for 5 minutes, 
was dried on 600 grams of cornstarch. 
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The ingestion of the coffee diet caused a decrease in the average food 
consumption which was reflected in a rate of growth less than that which 
was characteristic of the animals fed the adequate control ration. The 
ratio of the weight of the dried feces excreted to the weight of food con- 
sumed was greater in the rats on the coffee diet than it was in those on the 
adequate control diet. All of the rats were in positive calcium balance 
throughout the experimental period of four weeks. However, the rats fed 
the coffee ration excreted more calcium than did the control animals. 
Fecal calcium was increased by 2 per cent and urinary calcium by 19 
per cent. A slight shift in the paths of excretion of calcium in the rats 
on the coffee diet occurred. 

The calcium and phosphorus metabolism is being studied at present in 
rats fed the two diets in which the calcium and phosphorus have been 
reduced to a point just sufficient to maintain equilibrium in normal rats 
in —_ to determine whether the ingestion of coffee can induce a negative 
balance. 


The effect of irradiated ergosterol and parathormone upon the phosphorus of 
the blood. J. ¥. Sykes (by invitation), N. B. Taytor and C. B. WELpD 
(by invitation). Department of Physiology, University of Toronto. 
Following the administration of parathormone to animals there is a 

pronounced rise in the serum calcium, but the blood phosphorus rises only 

slightly until the terminal upswing just before death. As the excess 
calcium of the serum is derived from the skeleton, one would expect the 
phosphorus to be mobilized with the calcium. As most previous work, 
however, reports only the inorganic phosphorus, it was thought of interest 
to investigate changes in other phosphorus fractions, and to compare the 
effect of parathormone and irradiated ergosterol. 

Twelve dogs were used, and the average results following the adminis- 
tration of either parathormone or irradiated ergosterol are given in the table, 
where they have been correlated with changes in the serum calcium. 


PARATHORMONE ERGOSTEROL 
(80-120 UNITS IN 2 DOSES) } (0.4 cc. 10,000 X PER KGM. 


| Inorganic | Acid | | Inorganic | | 
SERUM CALCIUM soluble P. | Total P. 


| 


2 
| 


Plasma 


| 
| | | 


4.8|34.4/15. 
7\25.2| 5.3/43.0\18. 


mgm. % | 3.7) 4.2/24.4) 4.1139.8]17.4 6.5) 6.6124.4 
Declining. | 5.0} 7.2|49.0)19.7| 6.2) 8.1) 8122. 


a definite rise 2-3 mgm. 
3 


It is seen that in the main the changes in the two groups are similar, 
except that with irradiated ergosterol the phosphorus rise is more ex- 
tensive and rises with the calcium, while with parathormone the hyper- 
calcemia precedes any change in phosphorus level. This may not indicate 
a fundamental difference between the actions of the hormone and the 
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sterol, in view of the differences in the time relationships of the curves— 
the action of parathormone being much more abrupt. The fact that the 
rise in phosphorus in no case preceded the calcium rise indicates that the 
primary effect of parathormone is not, as some have maintained, upon the 
phosphorus metabolism. 


A pharyngeal inspiratory reflex of the cat. H. A. TrITELBAUM (by in- 
vitation) and F. A. Rres. Department of Physiology, School of Medi- 
cine, University of Maryland. (Read by title.) 

In the cat, a pharyngeal inspiratory reflex can be elicited by tapping the 
infra-mandibular region just superior to the hyoid bone; or by irritating 
the pharynx with a cotton swab. This reflex may be absent under deep 
ether anesthesia. The rate and amplitude of the response vary with the 
degree of stimulation. Stimulation of the adjacent structures, the larynx, 
trachea or palate, does not elicit any inspiratery reaction. Application of 
a 1 per cent solution of cocaine to the pharynx abolishes the reflex. Ex- 
periments conducted on rabbits and dogs indicate that the reflex is not 
present in these animals. 

We have been able to confirm the inhibitory effect of stimulation of the 
central end of the glossopharyngeal nerve of the rabbit upon respiration, 
as described by M. Markwald (Zeitschr. f. Biol., 1887, 23, 149). In the 
cat, however, stimulation of the central end of the glossopharyngeal nerve 
increases both the rate and amplitude of respiration, with the primary 
effect on the inspiratory phase. Bilateral section of the glossopharyngeal 
nerves in the cat does not abolish the pharyngeal inspiratory reflex de- 
scribed above. At present, our experiments indicate that more than one 
afferent pathway is involved in this reflex. 


The measurement of short infra-red radiation from living organisms. Maria 
TELKEs (by invitation). Cleveland Clinic Foundation, Cleveland, Ohio. 
The aim of the present investigation has been to develop a suitable 

method for the detection of infra-red radiation from living organisms. 

With a spectrometer equipped with a rocksalt prism, vacuum thermopile 

and thermo-relay amplifier, the radiation emitted by the human hand was 

measured between 3 and 4 mu. The emission in this range was found to 
be identical with that of a black body at human body temperature. 

For the infra-red range, shorter than 3 mu., following the work of Cob- 
lentz, a molybdenite photo-voltaic cell has been developed which is con- 
nected with a thermo-amplifier. This device is selectively sensitive to 
radiations in the near infra-red field and is being used to detect the varia- 
tions of radiations in this field from living organisms under varying con- 
ditions. 


The effect of thyreotropic pituitary extracts on the hypophysis and the ovary. 
D. L. THomson, H. Serre (by invitation) and J. B. Coturr. MeGill 
University, Montreal. 

Chronic administration of thyreotropic pituitary extracts leads to severe 
atrophy of the ovary in the rat. This atrophy differs from that observed 
after hypophysectomy by the absence of thecal deficiency cells. The 
hypophyses of the rats treated with such extracts frequently snow de- 
generative changes and contain cellular elements which are similar to 
castration cells. 
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The reactions of the uterus of the rat, before and after adrenalectomy, to his- 
tamine and to anaphylaxis. CAROLINE TUM SUDEN (by invitation). De- 
partment of Physiology, Boston University School of Medicine and the 
Evans Memorial, Mass. Memorial Hospitals. (Read by title.) 

The rat is peculiarly tolerant to histamine shock and to anaphylaxis 
and much more susceptible to both after removal of the adrenal glands. 
A study was made, in these two conditions, of the responses of the isolated 
and non-isolated uterus of normal rats and of adrenalectomized rats with 
and without autoplastic transplants of cortical tissue. In all three types 
histamine, in dilutions up to 1/1,000,000, depressed the spontaneous 
activity of the excised uterus (46 cases). Intravenous injections of the 
amine, from 0.01 mgm. to 10.0 mgm. per 100 grams body weight, did not 
produce inhibition of the uterus in situ similar to that seen ex situ, but 
elicited a slight increase of tone and of frequency of contraction (36 cases). 
The anaphylactic response of the rat uterus in situ and ex situ was also 
one of mildiy increased activity (120 cases). Simultaneous blood pressure 
determinations showed that in both operated and unoperated rats vaso- 
depression was the more conspicuous and consistent response to anaphylaxis 
(31 cases). The circulatory collapse disclosed the increased sensitivity 
of the adrenalectomized rats with and without cortical tissue, but the 
uterine reaction did not reflect this change, either in situ or ex situ. 

The similarity between the responses of the uterus in situ to intravenous 
histamine and to anaphylaxis suggests that the evidence against the libera- 
tion of histamine or a histamine-like substance in anaphylaxis, based on 
the discrepancy in the responses of the excised rat uterus, may be less 
significant than previously supposed. 


The effect of digitalis on cardiac dilatation produced by anoremia. EDWARD 
J. Van Liere and GrorGe Crister. University of West Virginia, 
Morgantown. 

The work was done on barbitalized dogs. The trachea was cannulated, 
a carotid cannula was-inserted for blood pressure tracings and the vagi 
were exposed. Anoxemia was produced by allowing the animal to breathe 
pure nitrogen out of a bag, which was attached to the tracheal cannula. 
A steady flow of nitrogen was maintained. A flutter valve was arranged 
so that the animal expired to the outside, preventing the accumulation 
of carbon dioxide. The animal was kept underneath the x-ray machine 
during the entire experiment and a continuous blood pressure tracing was 
taken. A signal magnet was arranged so that the exact time and duration 
of the x-ray exposure could be ascertained. A time marker recorded 
seconds on the drum. The distance from the target to the film was kept 
constant at 1 meter. A 5 second x-ray exposure was used. A control 
x-ray picture was taken, anoxemia was then produced and x-ray pictures 
were taken at the end of 3, 1, 14, and 14 minutes. The animal was allowed 
to return to normal. 

Tincture of digitalis (0.25 ce. per kilo body weight) was given intra- 
venously. It was allowed to act at least for an hour. A control x-ray pic- 
ture was taken. Anoxemia was again produced and 4 more exposures 
were made at the same intervals as in the control series. The areas of the 
cardiac silhouettes were measured by means of a planimeter. 

It was found that the heart dilated less after digitalis was administered. 
In some cases there was a striking difference—in others it was not so 
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marked, but the results all were in the same direction. In most instances 
digitalis caused the heart to beat slower, so changes in rate could not 
explain the results. Digitalis probably acted directly upon the cardiac 
muscle. 


Carotenoids and vision. GEORGE WALD' (by invitation). Physiology 
Laboratories of the Kaiser Wilhelm-Institut, Heidelberg, and of the 
University of Chicago. 

I have recently reported the presence of considerable quantities of 
vitamin A in the eye tissues of the frog and several mammals (Nature, 
1933, 132, 316). The carotenoid content of the frog eye has since been 
investigated in detail. 

In the combined pigment and choroid layers two carotenoids are found 
in unusually large quantities: vitamin A (CsoH2OH) and xanthophyll 
(lutein, (OH)s). 

In dark-adapted retinas which have been entirely cleared of the basal 
portions of the pigment epithelium, no xanthophyll and at most a trace of 
vitamin A are found. On the other hand a third carotenoid occurs here 
possessing properties different from any which have yet been described. I 
have named this substance retinene. 

Retinene is characterised by the following properties: In solution in 
chloroform it possesses no absorption bands in the visible spectrum. It 
is faintly yellow, due to an ascending absorption from 500 my into the 
ultra-violet. The spectrum of the crude retinal extract possesses a small 
maximum at about 410 mu and larger ones at 310 and 280 mu. The very 
faintly yellow solution gives with antimony trichloride a deep blue color, 
associated with a sharp band at 655 my. This is at least 35 my longer 
than that of vitamin A, the nearest band produced in this reaction by any 
other known carotenoid. 

Retinene plays a definite part in the visual process. It is found in easily 
measurable quantities in the retinas of dark-adapted animals. In light- 
adapted animals it has vanished entirely. 

These facts, in addition to the recognized dependence of visual purple 
formation in the retina upon its contact with the pigment epithelium and 
upon the presence of vitamin A in the diet, suggest the following hy- 
pothesis: Vitamin A normally diffuses from reserves in the pigment— 
choroid into the retina. It there enters the visual purple system, from 
which it may be directly extracted as retinene. 


Changes in the glomerular filtrate during passage through the tubule in am- 
phibia. I. Sugar, chloride, and total molecular concentration. A. M. 
Wa ker, A. N. Ricnarps, C. L. Hupson (by invitation), T. FInpLEY 
(by invitation), and R. T. Kempton (by invitation). Laboratory of 
Pharmacology, University of Pennsylvania. 

In Necturus, glucose in the glomerular filtrate decreases progressively 
as this flows through the proximal convoluted tubule. When it reaches 
the end, the glucose concentration is so nearly identical with that of bladder 
or ureteral urine as to indicate that the proximal tubule is the chief, prob- 
ably the sole, site of selective glucose reabsorption. 

In phlorhizinized animals glucose in fluid from the proximal tubule never 
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was below that of plasma. At the end of the proximal tubule glucose 
averaged 26 per cent higher than in plasma. When Locke’s solution con- 
taining high glucose concentration was perfused through a phlorhizinized 
tubule, the concentration diminished significantly. It appeared that 
phlorhizin did not completely prevent passage of glucose from lumen of 
tubule into blood. When the perfusing solution contained no glucose, 
no more glucose entered the phlorhizinized tubule than the normal. 

Chlorides are not selectively reabsorbed from the proximal convoluted 
tubule. Fluid collected from the distal end of this usually contains 
chloride in slightly higher concentration than does plasma. The distal 
convoluted tubule is the site of selective chloride reabsorption. 

The total molecular concentration of fluid collected from the distal end 
of.the proximal tubule is slightly less than that of plasma. In the distal 
convoluted tubule it decreases progressively as joes the chloride con- 
centration. 

The above statements, in so far as they concern the composition of 
tubule fluid in normal animals, are applicable also to the frog. 


The in vitro synthesis of non-fermentable reducing materials by active mam- 
mary gland. ANcEL WEINBACH and D. BatLey CALvIN (by invitation). 
Department of Biochemistry, University of Missouri School of Medi- 
cine, Columbia, Missouri. 

Preliminary experiments were undertaken in an attempt to demonstrate 
a lactase in the actively secreting mammary gland. Female rats eight 
days after parturition were used, since at this time the lactose secretion 
of rat’s milk is shown to be at its peak. The glands were frozen in situ, 
dissected, frozen solid in CO, snow, and dried in vacuo. 

Using serum as a substrate, with added amounts of glucose, galactose 
and lactose and with proper care taken to account for residual reducing 
material present in the prepared gland itself, it was observed that following 
incubation, there was an increase in the total reduction in the tubes to 
which gland had been added. This increase was highest where glucose 
was added. Furthermore, this increase was found to be in the non-fer- 
mentable fraction. Hydrolysis of this non-fermentable reducing material 
caused an increase in reducing power of a magnitude which would suggest 
the presence of a disaccharide. 

Using glucose solution instead of the serum preparations, the formation 
of non-fermentable reducing material was again demonstrated. 

An application of the Shaffer-Somogyi (Journ. Biol. Chem., 1933, 
100, 695) velocity of reduction technique for sugar differentiation would 
indicate that this non-fermentable reducing substance might be lactose. 
Further confirmation is necessary, however. 

Reducing power was determined by the Shaffer-Somogyi (1933) tech- 
nique. 


Observations on the intestinal villi and their circulation. HerBert S. WELLS 
and Raupex G. Jonnson (by invitation). Department of Physiology, 
Vanderbilt University School of Medicine, Nashville, Tennessee. (Read 
by title.) 

A special absorption chamber has been employed which permits ob- 
servation of the intestinal villi during experiments in which the direction 
and rate of fluid transfer through the wall of an isolated loop of gut are also 
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determined. No invariable correlation exists between the motor activity 
of the villi and the rate or direction of passage of fluid. This fact together 
with observations indicating that the villi do not change in volume as 
they shorten and that the central lacteal is not emptied by this mechan- 
ism, make it appear improbable that villus movements serve as a pumping 
mechanism. Isolated villi, freshly cut from the mucosa, exhibit the same 
type and rhythm of movement as do the intact organs. These rhythmical 
retractions are due to intrinsic mechanisms and would therefore seem to 
be myogenic rather than neurogenic in character. The retractions of 
intact villi are correlated with a sluggish flow of blood through the local 
capillaries, while a rapid flow abolishes the activity. Changes in activity 
seem to depend on simple chemical factors associated with processes of 
exchange between the smooth muscle cells of the villi and the blood. 

Absorption of fluid occurs only when the villi are slender and pale and 
the local blood flow is intermittent and sluggish. Such an appearance sug- 
gests that the capillary pressure and hydrostatic pressure of tissue fluids 
of the villi are low. Secretion of fluid occurs only when the converse pic- 
ture of hyperemia (active or passive, or more often both) is present. The 
— are tensely swollen. Capillary and tissue fluid pressures appear to 
be high. 

The resting gut is pale and anemic and it is an absorbing organ. Local 
irritation, whether mechanical or chemical or osmotic (saline cathartics 
or other hypertonic solutions) results in hyperemia of the mucosa, with 
swelling of the villi, tonic retractions that are effective in impeding the 
venous return, and profuse secretion. It is probable that secretion, as 
well as absorption, of fluid is a physical process, and that transfer of fluid 
through the gut wall is regulated primarily by vascular reactions, both 
local and general. 


E. fect of barbiturates on the absorption of glucose from intestinal loops. J. J. 
Westra (by invitation) and W. A. SeLue (by invitation). Department 
of Physiology, University of Texas Medical School. (Read by title.) 
Dogs with Thiry fistulae of the jejunum trained to lie quietly for long 

periods of time were used. The normal rate of absorption of glucose 
in a given time and from a given volume and concentration was determined 
previous to the administration of the barbiturate. The introduction and 
removal of the glucose solutions was effected by means of a catheter- 
balloon system which made possible quantitative recoveries. The barbi- 
turates used were nembutal, amytal and luminal in doses of 25, 40, and 75 
mgm. per kgm. respectively, injected intraperitoneally. All these substances 
definitely depressed the normal absorbing activity. The absorption de- 
creased within 10 minutes after injection of the drug, reached a minimum 
between 30-50 minutes after injection, and then gradually returned to the 
normal level. There seemed to be no close correlation between the depth 
of the anesthesia and the depression in absorptive activity. The question 
of the relation between the depressed intestinal motility produced by the 
barbiturates and the decrease in absorption is being investigated. 


Observations on the nervous control of the ileo-cecal sphincter and on intestinal 
movements in an unanesthetized human subject. H. L. Waite, Berry 
MonaGuaNn (by invitation) and A. 8. Harris (by invitation). Depart- 
ment of Physiology, School of Medicine, Washington University. 
(Read by title.) 
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Direct observations and graphic records of intestinal movements were 
made on an unanesthetized human subject, a colored woman with an 
extensive intestinal prolapse following a colostomy at the ileo-cecal region. 
The observations presented here were made about 15 hours following the 
last meal. The proximal colon showed but little spontaneous activity; 
antiperistalsis was not observed. This colon is, of course, always empty. 
Distention of either proximal colon or distal ileum resulted in a powerful 
mass contraction of the former. Receptive relaxation of the proximal 
colon on ileac peristalsis, as described by Lyman, was occasionally but not 
invariably observed. The ileo-cecal sphincter was relaxed much of the 
time; it closed tightly on distention of the proximal colon if such distention 
resulted in contraction of the latter. The sphincter frequently showed 
rhythmic contractions, the rate being sometimes higher and sometimes 
lower than that of the distal ileum. Peristalsis (defined as a, propulsive 
wave of activity resulting in expulsion of ileac contents if the wave reaches 
ielo-cecal orifice) occurred spontaneously several times an hour; rhythmic 
segmentations persisted throughout a peristalsis. The wave of contraction 
was not preceded by inhibition. The relaxed sphincter /, may contract 
immediately on beginning of ileac peristalsis (apparently a reflex); 2, 
it may contract only after the wave has reached the sphincter, or 3, it 
may not contract at all. Peristalsis of the distal ileum frequently fails to 
reach the sphincter. The responses of sphincter and of ileum to adrenalin 
were identical; in both rhythmic activity ceased and loss of tone occurred 
after 0.3 to 0.6 mgm. subcutaneously. Pilocarpine, 0.07 grain subcutane- 
ously, produced increased rhythmicity and tone of both sphincter and ileum, 
less marked in the former. 


Filtration through cellophane membranes. H. L. Wuire, Frank URBAN 
and Berry MonaGHan (by invitation). Departments of Physiology 
and Biochemistry, Washington University School of Medicine. 

The relation between the filtration rates of aqueous solutions of thorium 
chloride through cellophane membranes and the zeta potentials was in- 
vestigated. The potentials in solutions from 4 X 10-7 to 4 X 10-* molar 
were determined by electrophoresis of a cellophane suspension, and the 
electro-osmotic transport rates across membranes in solutions from 4 X 
10-* to4 X 10-* molar were determined, the latter being functions of zeta. 
The isoelectric point with electrophoresis was at 3 X 10~* molar and with 
electro-osmosis at 4 X 10-*; the zeta functions with the latter method are 
the ones concerned with the filtration results. Variations in zeta might 
conceivably influence filtration rate in two ways, by an electro-osmotic 
back-transport with stream potential as the driving voltage, and by varia- 
tions in effective pore diameter due to changes in the double layer, the 
latter acting possibly by producing variations in the rigidity of the ad- 
sorbed water layer. If this rigidity shows a minimum at zero zeta, both 
factors would operate to give a maximum filtration rate at theisoelectric 
point. We find the maximum filtration rate at the isoelectric point, the 
rate being 5 per cent higher than in water. With increasing concentrations 
and increasing values of zeta of reversed sign the rate again falls off, being 
about 22 per cent lower in 4 X 10-* molar than in 4 X 10-°. More in- 
formation on the conductivities of the membranes in the various solutions 
is needed in order to evaluate the réle played by the stream potential- 
electro-osmosis factor. 
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Further study on the stimulating effect of copper on chlorophyl formation. 
G. C. Wickwire (by invitation) and W. E. Burcr. Department of 
Physiology, University of Illinois, Urbana, Illinois. (Read by title.) 
It is a recognized fact among Florida citrus fruit growers that trees set 

on certain types of soil, marl, for example, become chlorotic or “‘frenched”’ 
and that copper sulphate spread on the ground around these trees remedies 
this condition. Recently (Amer. Journ. Botany, 20) we determined 
the chlorophyl content of leaves from chlorotic orange trees before and 
after treatment with copper sulphate and found that this salt greatly 
increased the production of chlorophyl. 

In the present investigation the soil on which “frenched”’ orange trees 
grew was analyzed for various constituents with a hope of determining if 
there was any deficiency in the essential elements that might be responsible 
for the ‘“‘frenching.”’ A deficiency in magnesium was found in the soil of 
certain parts of the grove where “fren¢hing” occurs. It is known that 
magnesium is the element in chlorophyl corresponding to iron in hemo- 
globin and the deficiency in magnesium observed undoubtedly has entered 
as one cause of the chlorosis. Whether or not this is the sole cause is a 
question. In another part of the grove where ‘‘frenching”’ occurs the soil 
analysis showed a very low iron content. This undoubtedly has also 
entered as a cause of the chlorosis, since iron, although it does not enter 
into the constitution of the chlorophyl molecule, it is necessary for chlo- 
rophyl formation. The analysis showed further that manganese was 
present in very minute quantities in most of the grove land. 

Analysis of the ‘‘frenched”’ leaves showed that they contained more iron 
than did the normal leaves. No manganese was found in the “frenched”’ 
leaves, but traces of this element were found in the normal leaves. So 
far as the mode of action of copper sulphate in stimulating the production 
of chlorophyl is concerned nothing seems to be known, just as nothing is 
known regarding the mode of action of copper in stimulating hemoglobin 
formation in animals. It would seem however that the two problems 
have much in common. 


A comparison of the rate of disintegration in vitro of nucleated and non- 
nucleated red blood cells and the effect of copper on this rate. G.C. WicK- 
WIRE (by invitation), L. KNeEr (by invitation), H. W. Newp (by in- 
vitation) and W. E. Burce. Department of Physiology, University of 
Illinois, Urbana, Illinois. (Read by title.) 

A few cubic centimeters of blood were drawn from the blood vessels of a 
man, a dog, a turtle, and a frog, placed in sterile test tubes and shaken 
gently while the blood clotted. A drop of blood was removed from each 
of the test tubes immediately and examined under the microscope. During 
the succeeding four days, several examinations similar to the preceding 
were made and it was found, contrary to our expectation, that the nu- 
cleated cells of the turtle and the frog disintegrated considerably more 
rapidly than did the non-nucleated cells of the man and of the dog. The 
nucleated cells of the turtle and frog ordinarily had completely disintegrated 
at ordinary room temperature after 20 or 30 hours, while the non-nucleated 
cells of the man and dog were apparently still in good condition. Several 
observations similar to the preceding were made at ordinary room tem- 
perature as well as at several different temperatures and the nucleated 
cells always disintegrated more rapidly than did the non-nucleated. 
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The addition of traces of copper sulphate to the preparations of the 
nucleated ceils decreased markedly the rate of their disintegration. This 
observation suggested to us that copper might act in a similar way in 
nutritional anemia. That is, the copper might retard the rate of disin- 
tegration of the red blood cells in this disease and in this way maintain the 
blood count at a higher level. Such experiments have been begun and the 
effect of copper sulphate on the rate of disintegration of the red blood cells 
of anemic and normal rats is being studied but sufficient data have not been 
accumulated as yet to warrant any statement. 


The chloride concentration of gastric secretion from fundic pouches and from 
the intact whole stomach. CHARLES M. WiLtHELMJ, Leo C. HENRICH 
(by invitation), Irwin NerGus (by invitation) and Freperick C. Hii. 
(by invitation). Departments of Physiology and Experimental Sur- 
gery, Creighton University School of Medicine, Omaha, Nebraska. 
The chloride concentration of the secretion from fundic pouches averages 

between 578 and 595 mgm. per 100 cc. This value is unaltered by the 

rate of secretion or by the hydrogen or chloride ion concentration of the 
contents of the pouch. In marked contrast to the constancy found in 
fundic pouches, the chloride concentration of the secretion from the intact 
whole stomach shows marked variations, the values ranging from 340 to 

590 mgm. per 100 cc. 

The constancy of the chloride concentration of fundic secretion makes it 
possible to divide the total fluid entering the stomach into two fractions, 
first, the fluid of secreted hydrochloric acid which is not neutralized and 
second, the ‘‘extra fluid’ which is composed of secreted hydrochloric acid 
which is neutralized, pyloric secretion and at times, regurgitated duodenal 
secretions. We have previously shown that the chloride concentrations 
of pyloric and duodenal secretions are definitely lower than that of fundic 
secretion, the average values being 376 and 310 mgm. per 100 ce. re- 
spectively. 

Since the total fluid entering the stomach is composed of two and at times 
of three fluids of widely different chloride concentrations, the chloride con- 
centration of the mixed gastric secretions will vary depending upon rela- 
tive proportions of each. When little or no acid is secreted the chloride 
concentration of the mixed gastric secretions will be low and will approxi- 
mate the value for pyloric or duodenal secretions, as more and more acid 
is secreted the chloride concentration of the mixed gastric secretions will 
rise and may approximate the value for fundie secretion, unless a large 
amount of duodenal fluid regurgitates into the stomach, in which case the 
value may be low in spite of the secretion of considerable acid. 


The average composition of human duodenal secretion. CHARLES M. Wi1- 
HELMS, Leo C. HEenricus (by invitation), IRwin Nereus (by invitation) 
and Freperick C. Huu (by invitation). Departments of Physiology 
and Experimental Surgery, Creighton University School of Medicine, 
Omaha, Nebraska. (Read by title.) 

The duodenal contents are a mixture of succus entericus, bile and pan- 
creatic juice in variable proportions. The frequent regurgitation of these 
mixed secretions into the stomach makes it desirable to know their average 
composition. 

Forty-three determinations were made upon five normal subjects. After 
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passage of the duodenal tube the duodenum was stimulated by injection 
of tenth normal hydrochloric acid containing phenol red. In a few in- 
stances the acid solution was passed in and out of the duodenum five or six 
times and then removed; in the majority of instances 5 or 6 minutes were 
allowed to elapse after introduction of the acid, the duodenal contents were 
then withdrawn and placed in a sample of the same acid-phenol red mix- 
ture. Determination of the per cent of phenol red gave the amount of 
duodenal contents present in the sample. Total and neutral chlorides 
were determined after ashing. The average chloride content was found 
to be 272 mgm. per 100 cc. with variations ranging from 160 to 406 mgm. 
The average alkalinity was 0.056 normal with variations ranging from 0.02 
to 0.09 normal. 


An explanation of the first reflexes of cat embryos on the basis of development 
of reflex arcs. Witi1aM F. WINDLE (by invitation). Anatomical lab- 
oratory, Northwestern University Medical School. ; 

The first somatic motor response to mechanical stimulation is outward 
movement of the forelimb in 13 to 14 mm. embryos. It occurs only 
while the placental circulation is intact, usually follows a perceptible latent 
period, often requires summation of stimuli, and appears to be followed by 
a long refractory period. It is executed quickly with no tetanic qualities. 
In these respects it differs from movements resulting from direct faradiza- 
tion of embryonic muscle. 

All morphological elements of primitive spinal reflex ares are present in 
premotile embryos. However, sensory conductors are not linked with 
association or motor neurones by means of sensory collaterals. These 
collaterals start to grow in just before the first reflexes appear. We counted 
them in silver stained motile and nonmotile specimens of similar sizes and 
ages. About two and one-half times as many collaterals occur in motile as 
in nonmotile ones; the greatest increase is in the brachial region. The 
first collaterals appear at the entrance points of dorsal roots, impinging on 
association neurones at the same level. The latter elements can effect 
connections with ramifying dendrites of motor neurones of the same seg- 
ment. This is clearly a mechanism for local spinal reflexes. It is sug- 
gested that the physiological responses, so intimately coérdinated with 
the development of the sensory collaterals, appear in consequence of their 
growth and are true local reflexes. 


The effect of sympathetic and dorsal root stimulation on the contraction of 
skeletal muscle. H. G. Wotrr and McKren Department 
of Physiology and the Department of Medicine, Cornell University 
Medical College, New York City. (Read by title.) 

The effect of sympathetic and dorsal root stimulation on the tension 
developed by the gastrocnemius of the frog has been investigated, using a 
strictly isometric technic with photographic recording. A series of single 
maximum shocks (30 per min.) was applied to the sciatic nerve and, while 
the response of the muscle was being recorded, the sympathetic chain 
(or dorsal roots) was stimulated for a short period (usually 20 sec.) by 
means of condenser discharges (30 per sec.). In 60 per cent of 59 animals 
stimulation of the abdominal sympathetic chain increased the tension of 
the twitch; in 20 per cent the tension was decreased; and in the remainder 
no change was observed. The magnitude of the augmentation averaged 
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4 per cent in the fresh muscle and 11.3 per cent after ‘“fatigue”’ had set in. 
The onset of the effect began in from 2 to 4 seconds and often outlasted the 
duration of the stimulus. On the other hand, stimulation of the dorsal 
roots in 60 per cent of 35 preparations caused a decrease, but never an 
increase, in the tension of the twitch averaging 3 to 4 per cent. This 
depression in the response reached a maximum in from 2 to 6 seconds, 
seldom lasted more than half the period of dorsal root stimulation, and 
was most marked in the fresh muscle. These results may beinterpreted 
on the basis of chemical intermediaries presumably set free in the walls 
of the blood vessels at the site of the nerve endings. This view is sup- 
ported by the observation that epinephrin increases the tension developed 
in skeletal muscle and by the fact that in our experiments acetylcholine 
hydrobromide, perfused through the artery in sub-contracture producing 
amounts (0.0002 to 0.0004 mgm.), caused a depression in the tension of 
the twitch comparable in degree to that produced by stimulation of the 
dorsal roots. 


The nature of autonomic effects in the submazillary gland. H. G. Wotrr, 
McKeen and D. A. Ciark (by invitation). Department of 
Physiology and the Department of Medicine, Cornell University Med- 
ical College, New York City. 

Comparison of the effects of stimulation of the chorda tympani and 
cervical sympathetic nerves on the secretion of saliva, the blood flow, and 
the influence of the returning blood on other organs has been made on the 
submaxillary gland of the cat. Stimulation of the chorda tympani is 
known to result in the elaboration of a chemical agent which, besides 
inducing salivation, has other properties resembling those of acetylcholine.' 
That chorda and sympathetic effects are essentially different was supported 
by the observation that secretion of saliva in a gland stimulated through 
its cervical sympathetic supply may be augmented by cocaine and abolished 
by ergotoxin without appreciable influence on the effect of chorda stimula- 
tion. On the other hand, physostigmin augments the secretion from 
stimulation of the chorda tympani without influencing the response to 
sympathetic stimulation. The differences between chorda and sympathetic 
effects were further demonstrated by the following experiments. The 
effects of sympathetic stimulation were studied by using as a test object 
the nictitating membrane (right) which had been previously sensitized 
by the removal of the corresponding superior cervical sympathetic gang- 
lion and by the intravenous injection of cocaine. On the other side 
(left) branches of the cervical sympathetic distal to the point of stimula- 
tion, other than those going to the submaxillary gland, were eliminated 
by cutting the nerve fibers and by crushing arterial branches. Under 
these conditions stimulation of the cervical sympathetic nerve induced 
salivation, vasoconstriction (followed by vasodilatation) and, about 20 to 
30 seconds later, a contraction of the denervated nictitating membrane 
of the opposite side, sometimes accompanied by a rise in arterial pressure. 
When the venous return from the gland was prevented from entering the 
circulation these effects were absent, although salivation was induced as 
before. Chorda stimulation had no such effect on the nictitating mem- 
brane. It is concluded that in the submaxillary gland of the cat, corre- 
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sponding to the double innervation, salivation results through the elabora- 
tion of two chemically different agents having physiologically distinct 
effects. 


Blood pressure and reactions to histamine in the rat after hypophysectomy and 
adrenalectomy. LELAND C. WyMaN and CAROLINE TUM SUDEN (by 
invitation). Department of Physiology, Boston University School of 
Medicine and the Evans Memoriai, Mass. Memorial Hospitals. 

There is no evidence of a hormone function for vasopressin, other than 
its occurrence in the posterior lobe of the pituitary. Dale (Lancet, 1929, 
216, 1179) has suggested that a steady flow of vasopressin into the cir- 
culation, rather than a fluctuating emergency output, may be a factor in 
the multiple provision for the maintenance of vascular tone. 

Our previous work has shown that lack of the adrenal medulla alone in 
rats results in no lowering of blood pressure level, but produces a distinct 
defect in combating sudden administration of the vasodepressor drug, 
histamine. We now find that after posterior hypophysectomy alone the 
minimal lethal dose of histamine is not reduced, the blood pressure lies in 
the lower normal range, and the minimal dose of histamine necessary to 
produce a permanent fall in blood pressure is not less than that required 
for normal rats. After total hypophysectomy the M.L.D. of histamine 
may or may not be reduced to one-half, the blood pressure is below normal, 
but the vascular reactions to intravenous injections of histamine and of 
adrenalin are unaltered. The blood pressure findings parallel those of 
Braun Mendendez in dogs (Rev. d. Soc. Argent. Biol., 1932, 8, 463). 
The changes in animals with anterior lobe deficiency reveal nothing con- 
cerning the function of vasopressin. 

Elimination of two glandular factors simultaneously was accomplished 
by adrenalectomy together with partial or complete hypophysectomy, the 
rat being maintained by autoplastic transplants of adrenal cortical tissue. 
This work is in progress, but with respect to blood pressure and to vascular 
reactions to histamine the findings are so far the same as those after hypo- 
physectomy alone. 

Our next step involves simultaneous removal of three factors: adrenal 
medulla, posterior pituitary, and sympathetic innervation. Until this is 
done no conclusions can be drawn with regard to a function of vasopressin 
in vascular physiology. 


Vitamin G (B.) deficiency in dogs: changes in the central nervous system, 
and motion pictures. H. M. ZimmMerMAN, James C. Fox, Jr. (by in- 
vitation) and Groree R. Departments of Pathology, In- 
ternal Medicine, and Physiological Chemistry, Yale University. 
(Demonstration.) 

This demonstration consists in the exhibition of illustrations of histo- 
logical changes induced in the spinal cord of dogs by long-continued sub- 
sistence on diets deficient in vitamin G (B.). Motion pictures showing the 
behavior of such animals in the course of the experiment are also presented. 


Modification of x-ray injury by carbon dioxide and ammonia. R. E. Zrrk Le 
(by invitation). Johnson Foundation, University of Pennsylvania. 
When germinating spores of the fern Pteris longifolia are exposed to soft 

x-rays while in equilibrium at 25°C. with an atmosphere containing 20 per 
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cent carbon dioxide by volume, the length of irradiation required to produce 
a given degree of inhibition of cell division is only about three-fifths that 
required when the spores are irradiated in equilibrium with ordinary air. 
When lower or higher carbon dioxide concentrations are used, similar but 
smaller increases in susceptibility are observed. When spores are irra- 
diated while in equilibrium with 0.003 N ammonia in the culture solution, 
the dose of x-rays required to inhibit division in a given percentage is 
about six-fifths that required when no ammonia is present. ‘This decrease 
in susceptibility disappears when the ammonia is increased to 0.006 N, 
and definite increases in susceptibility occur when the ammonia concen- 
tration is raised still higher to 0.008 N or 0.01 N. 

None of the concentrations of carbon dioxide or ammonia used produce 
any detectable effects by themselves, even when applied for longer periods 
than when used with the x-rays. Control experiments with nitrogen show 
that none of the observed modifications of x-ray injury are due to oxygen 
deficiency. 

The modifications of susceptibility by carbon dioxide and by ammonia 
can be correlated upon the assumption that both agents act by changing the 
acidity of the protoplasm (specifically, the nucleus, in view of previous 
experiments). According to this view, susceptibility to x-rays in this 
organism is at a maximum when the acidity of the nucleus is raised to a 
definite degree above normal (20 per cent carbon dioxide in the gas phase) 
and at a minimum when the nuclear acidity is decreased to a definite 
degree below normal (0.003 N ammonia in the culture solution). 


Spinal roots and tracts in the regulation of skin temperature. S. ZUCKERMAN 
(by invitation) and T. C. Rucu. Laboratory of Physiology, Yale 
University. 

The sudden pronounced fall or rise in plantar temperature which in 
normal macaques follows an abrupt fall or rise in environmental tempera- 
ture does not occur after transection of the spinal cord above the lumbar 
enlargement (maximum period of observation 3: months). The immediate 
post-operative state of the skin vessels appears to be that of vasodilatation 
and vasomotor areflexia. After a variable period vasomotor reactivity 
returns. After recovery, the plantar skin vessels adjust to changes in 
environmental temperature more slowly, less abruptly and to a lesser 
extent than they did preoperatively. Similar recovery occurs in the hind 
limb on the side of a hemisection, and if the opposite side of the cord is 
sectioned, the newly paralyzed limb attains an equal degree of function in 
less than a month. 

The rare occurrence of sharp changes in plantar temperature in response 
to external temperature changes after division of posterior roots indicates 
that the normal vascular response is partly a local reflex. In a prepara- 
tion deafferented in this way, the abrupt change is replaced by a slower 
but sometimes more extensive one, which suggests that section of posterior 
roots favors vasoconstriction, possibly by removal of vasodilator tonic in- 
fluences. 

Further evidence of tonic vasodilator action through the posterior roots 
is provided by the conspicuously different behavior of a hind limb retaining 
connection with the spinal cord only through posterior roots and that of its 
completely denervated fellow. The latter is usually colder than either the 
opposite limb or the head, and when subjected to sudden cold, falls to a 
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temperature even lower than that which the head reaches. Its fall ap- 
proaches that shown when its blood supply is occluded. In similar cir- 
cumstances, the limb with intact posterior roots (which at room tempera- 
ture is usually warmer than the head) falls in temperature much less than 
does the denervated limb, and usually less than does normally innervated 
skin. The change sometimes occurs with reflex-like suddenness. 


The adrenal cortex and blood sugar mobilization. R. L. Zwemer and Ruts 

C. SULLIVAN (by invitation). Department of Anatomy and Depart- 

ment of Diseases of Children, College of Physicians and Surgeons, 

Yolumbia University, New York. 

Determinations have been made of the blood sugars in thirty cats sub- 
jected to various degrees of adrenal ablation. Further studies have been 
made on the blood sugar changes following injections of cortin, adrenin, 
mixed extracts and control substances. In these additional experiments 
fifteen completely adrenalectomized cats, sixty-eight normal cats and 
fifteen rabbits were used. 

The normal blood sugar of the cat averages 106 mgm. per 100 cc. of 
blood (96 determinations). Extirpation of the medullary portion of the 
adrenal seems to have no great effect (103 mgm.—23 cats), whereas the 
removal of one-half the cortico-adrenal tissue results in a slight diminution 
of blood sugar (94.5 mgm.—21 cats). Complete adrenalectomy results 
in a further moderate decrease during the first four days (83 mgm.—27 
cats). The fifth to eleventh day average is still lower (69 mgm.—17 cats). 
The profound changes in blood glucose in adrenal insufficiency are essen- 
tially terminal. 

Extracts of the adrenal cortex increase the blood sugar of both adrenalec- 
tomized and normal animals, but to a lesser degree and in a different man- 
ner than adrenin. Sugar reserves unaffected by adrenalectomy must be 
present in the body, because, with the proper stimulus, the reserve sugar 
can be mobilized into the blood. We do not believe that a low blood sugar 
is the determining factor in adrenal insufficiency, since animals may die 
with typical symptoms and hyperglycemia. This conclusion does not 
invalidate a low blood sugar as a contributory criterion of uncomplicated 
adrenal insufficiency. The amounts of other pertinent blood chemical 
constituents are, however, essential for a critical diagnosis. 

The influence of the adrenal cortex on salt and water metabolism may 
possibly be correlated with blood sugar mobilization, since glycogen is an 
anhydridge polymer of glucose, and the formation of glucose from glycogen 
requires water. 


TOBACCO SMOKING IN RELATION TO BLOOD SUGAR, BLOOD 
LACTIC ACID AND METABOLISM 
D. B. DILL, H. T. EDWARDS anv W. H. FORBES 
From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston 
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. It is a familiar observation in pharmacological experiments that the in- 
jection of nicotine may at first stimulate but later depress nerve ganglia. 
Its specific effect on the adrenal glands is less certain. Most observations 
confirm the finding of Cannon, Aub and Binger (1) that it stimulates the 
secretion of adrenalin. However, Kusnetzow (2) reports that perfusion 
of an isolated adrenal gland with a solution containing nicotine in a concen- 


tration of 


results in significant stimulation of the secretory activity 


6 X 108 


of the gland while a concentration of is followed first by stimu- 


1 
105° 5 x 105 
lation and later by checking of secretion. 

It is probable that the most effective physiological agent in tobacco is 
nicotine. A cigarette contains about 1 gram of tobacco and about 10 
mgm. of nicotine. Lehman (3) reports that about +5 of the nicotine is ab- 
sorbed although the proportion must depend on the habits of the smoker. 
One might find after smoking a cigarette the blood sugar normal (too little 
nicotine for an effect on the adrenals) or elevated (enough nicotine absorbed 
to stimulate the adrenals). Conceivably after smoking several cigarettes 
or a cigar the blood sugar might be depressed. These suggestions, however, 
should not be taken too seriously because nicotine may modify the secretion 
of other hormones, e.g., insulin. 

The fact is that all these responses have been reported. In a recent con- 
tribution Haggard and Greenberg (4) find that after smoking one cigarette 
the blood sugar increases 30 or 40 per cent during 15 minutes and returns 
to normal during the next 30 minutes. Increases of 10 to 40 per cent are 
reported by Lundberg and Thyselius-Lundberg (5a) after smoking a ciga- 
rette without inhaling. In their subsequent report (5b) increases in 6 
experiments on 2 subjects average only 8 per cent, the maximum is reached 
in about 6 minutes and within 20 minutes the normal state is regained. 
Another type of increase is noted by Andrea (6). After smoking 2 ciga- 
rettes in 15 minutes the blood sugar rose in a fairly uniform manner over 
a period of two hours to a maximum about 30 per cent above the initial 
level. These three investigations can be harmonized if one makes the 
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improbable assumption that blood sugar concentration varies rhythmically 
after smoking. 

There is one record in which consistent decreases in blood sugar were 
observed after smoking. Ssalischtscheft (8) on 10 subjects after smoking 
a cigar found at the height of the subsequent “intoxication”’ an average 
decrease of 27 per cent in blood sugar. An eleventh subject after smoking 
2 cigars and a cigarette had a blood sugar of 31. 

Cigarette smoking was found to be without a consistent effect on blood 
sugar by Burstein and Goldenberg (7). In one subject blood sugar was 
found to be elevated 20 minutes after smoking 5 cigarettes, and depressed 
25 minutes later. A second subject after smoking 7 cigarettes first showed 
a decrease and then an increase. All values were within 10 per cent of the 
rest level. They calculate from Lehmann’s data (3) that their subjects 
absorbed about 0.06 mgm. of the nicotine per kilo of body weight. They 
also studied the blood sugar in tobacco workers with an estimated daily 
nicotine intake of 0.1 to 0.3 mgm. per kilo. In the middle of the day 2 
workers showed decreases of about 15 per cent, one an increase of 30 per 
cent and the fourth was unaffected. 

The absence of other records indicating little or no effect of moderate 
smoking on the blood sugar may be due to a disinclination to publish nega- 
tive results. Thus, the preliminary paper of Lundberg and Thyselius-Lund- 
berg (5a), reporting a rise of 10 to 15 per cent within 4 minutes of starting 
the first cigarette of the day and as much as 40 per cent rise after the second 
taken half an hour later, led Dr. A. Andreen-Svedberg and one of the au- 
thors to carry out similar experiments in 1931. No significant change in 
blood sugar was found when two cigarettes were smoked in the course of 40 
minutes. It was not planned to publish these results but the recent paper 
of Haggard and Greenberg (4) has led us to carry out more comprehensive 
experiments including observations on blood lactie acid, R.Q. and meta- 
bolic rate. 

In our experiments the subjects remained at rest in the fasting state for 
90 minutes before smgking and for 45 minutes afterwards. Each subject 
smoked one cigarette inhaling the smoke, during a period of from 5 to 10 
minutes. Four makes of cigarettes were used. Capillary blood was ob- 
tained twice before smoking, one or more times during smoking and fre- 
quently during the subsequent 45 minutes. Three samples of venous blood 
also were obtained. Sugar was determined by the micro method of Folin 
and Malmros (9). It is unnecessary to present these results in detail. 
Nine-tenths of the 60 observations on ten subjects were within 5 per cent 
of the rest level without a significant trend up or down. 

The report that carbohydrate metabolism is modified by smoking led 
us to determine the lactic acid content of blood in our experiments. A 
specimen of venous blood was obtained before, shortly after, and from 20 


120 D. B. DILL, H. T. EDWARDS AND W. H. FORBES 


to 50 minutes after smoking. The lactic acid values, determined by the 
method of Friedemann, Cotonio and Schaffer (10) are summarized in ta- 
ble 1. Evidently in our experiments smoking has no appreciable influence 
op lactie acid concentration in venous blood. 

In addition to observations on 10 subjects in the fasting state, similar 
experiments were carried out on 2 subjects beginning about 3 hours after 
a light breakfast. Similar results were obtained. In another experiment 
the subject ate a light breakfast and began smoking intensively. Within 
2 hours he smoked 6 cigarettes and then had a blood sugar of 95. In the 
following 2 hours he smoked 2 cigarettes and a cigar. The 6 observations 
on blood sugar in this period ranged from 92 to 95. Smoking was then 
discontinued and in the succeeding 1.5 hours 5 of the 6 blood sugar values 
ranged from 92 to 96. An isolated high value of 120 was observed one hour 
after finishing the cigar. During the period subsequent to smoking hunger 
pangs subsided despite unchanged blood sugar values. It seems probable, 


TABLE 1 
Lactic acid concentration in venous blood 
NUMBER OF 


| OBSERVA- AVERAGE MINIMUM MAXIMUM 
TIONS 


jmgm. per 100 


ec. of blood 
Before 
1-5 minutes after smoking............. 
20-50 minutes after smoking............| 


therefore, that the mechanism of hunger alleviation by smoking depends 
not on blood sugar level as suggested by Haggard and Greenberg (4) but ona 
specific inhibitory effect of nicotine on hunger contractions as has indeed 
been derhonstrated by Carlson and Lewis (11). 

It has been reported by Haggard and Greenberg that the R.Q. is increased 
after smoking, a change which they associated with blood sugar in- 
crease. Since our subjects showed little variation in blood sugar or 
lactic acid, a change in R.Q. is not to be expected. The observations 
presented in table 2 confirm this expectation in so far as the 8 smokers were 
concerned. The decrease in R.Q. in the 2 non-smokers perhaps is associ- 
ated with nausea and over-breathing during the 10-minute period of smok- 
ing followed by retention of CO: in the subsequent periods. 

Finally we may refer to the determination of oxygen consumption since 
this is the only function studied which showed significant alteration sub- 
sequent to smoking. It appears from table 3 that while the oxygen con- 
sumption after smoking may remain unchanged in some subjects, in others 
it may increase as much as 10 or 15 per cent. While this is an increase of 


| 6.4 | 10.6 | 
| 7.3 | 9.6 
|} 64 | 87 
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small magnitude, it indicates that subjects for B.M.R. determination should 
not smoke in the morning during which the test is to be made. 


TABLE 2 
Observations on R.Q. 


SUBJECT | BEFORE SMOKING | AFTER SMOKING 


_ Smokers 


0.82 81 
0.85 82 
0.81 
0.84 
0.86 
0.84 
0.76 
0.78 


| 


8 0.82 82 0.82 | 


Non-smokers 


0.85 | 0.77 | 0.86 | 0.85 


0.82 | 0.80 | 0.79 | 0.85 
TABLE 3 
Oxygen consumption 


Four consecutive periods of 12 minutes each are shown before smoking. The 
values in 3 similar consecutive periods after smoking are expressed relative to the 
mean value of the 4 control periods. The last 2 subjects are non-smokers. 


AFTER SMOKING: RELATIVE 


BEFORE SMOKING: CC. OF O2 USED PER MINUTE VALUES 


233 
243 


SUBJECT 


278 
249 
279 
262 273 


253 


| 


253 | 2 253 | 251 


SUMMARY 


Smoking one cigarette produced no change in blood sugar, lactic acid or 
R.Q. The metabolic rate was increased 5 to 15 per cent in some subjects. 


TRACE | | 0.79 | 0.77 | 0.78 | 0.75 
| 0.81 | 0.83 0.82 0.83 0.76 
| 0.88 0.81 | 0.79 0.81 
| 0.85 0.84 | 0.87 0.87 
| 0.84 0.77 | 0.79 0.82 
| 0.85 | 0.85 | 0.85 | 0.81 
| 0.78 | 0.78 | 0.78 | 0.76 
| 0.80 | 0.84 | 0.75 0.72 
| 0 81 | O81 0.79 
| 0.74 | 0.70 0.79 
; 
0s | 1.14 
04 1.11 
05 | 1.03 
01 | 1.09 
91 | 0.94 
03 | 1.03 
06 | 0.95 
12 | 1.14 
00 | 0.93 
4 19 | 1.06 
Mean........ | |_| 252 | 1.08 os | 1.04 
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The cessation of action-currents of an extensor muscle during a tendon- 
jerk, which has come to be designated the “‘silent period,’ has been the ob- 
ject of numerous investigations designed to reveal its mechanism. The 
most recent theories have their origin in the study of Fulton and Pi-Sufier 
(1928) who pointed out that during contraction passive tension affecting 
the sensory endings lying in parallel with the contracted elements, e.g., 
the spindles, would be removed and their discharge would therefore cease. 
If these endings are responsible for the knee-jerk and stretch reflex, discon- 
tinuance of their afferent flow during the knee-jerk might, they pointed out, 
be a factor in the production of the silent period. Matthews (1931) subse- 
quently demonstrated that such a cessation of afferent impulses does in- 
deed occur during the motor twitch, and Bucy (1933) has presented evi- 
dence that this may be the mechanism of the lengthening reaction in 
man. 

Somewhat earlier, Denny-Brown (1928) concluded from a careful study 
of the tendon-jerk that autogenetic inhibition resulting from the tension 
produced by the contraction also played a part in causing the lapse of action 
currents during the jerk. In 1920 Hoffman had suggested that the neu- 
rones taking part in the motor discharge of the tendon-jerk became ex- 
hausted of their stores of nervous energy and were therefore unable to 
discharge until this material was renewed. According to this hypothesis, 
the silent period can not be due either to an autogenetic inhibition cr to 
cessation of afferent excitatory impulses, but to a transient depression of the 
excitability of the motor neurones resulting from their synchronous dis- 
charge. 

Thus there are three factors that may play a part in the production of 
the silent period: the cessation of afferent flow during the motor twitch, 
the autogenetic inhibition resulting from the jerk, and the period of in- 
excitability in the motor neurones following their synchronous discharge. 


1 On leave from the Department of Neurosurgery, University Clinics, University 
of Chicago. 
2 Rockefeller Fellow. 
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The first two factors might conceivably act together, as the effect of the 
inhibitory stimulus would be expected to be greatly increased by the inter- 
ruption of afferent excitatory impulses. Recent investigations have shown 
that the refractory period following discharge of an extensor motor neurone 
may rarely exceed 6 to 100, but give weight to the suggestion that synchro- 
nous discharge of the motor neurones involved in the stretch might be in 
part responsible for the silent period. 

In 1932 Eccles and H. E. Hoff published the results of a study of the 
rhythmic discharge of single motor neurones in de-afferented preparations 
which showed that the premature discharge of a neurone caused by an 
antidromic volley was followed by a pause as long as or longer than the 
normal interval between successive discharges, which varied from 43 to 
155¢. The possibility therefore exists that the efferent volley of the jerk 
synchronously discharges all the active neurones which have then to remain 
quiescent for a time equal to or slightly longer than that between their 
normal successive discharges. An experimental reinvestigation of the 
silent period to evaluate the réle of the three possible mechanisms: 1, auto- 
genetic inhibition; 2, subsidence of afferent flow, and 3, synchronous re- 
setting of the efferent units, was therefore considered advisable. 

MetuHop. These studies have been made on cats decerebrated by the 
trephine method under deep ether anesthesia. In some experiments the 
quadriceps muscle was used, while in others soleus or gastrocnemius was 
prepared. All muscles but the one to be used were immobilized by ap- 
propriate nerve or tendon section, and the limb rigidly attached to the 
heavy Sherrington table by drills in the femur or tibia. Stimulation was by 
means of silver-silver chloride glass shielded electrodes which permitted the 
nerve to remain in situ. 

Records of action currents were obtained by means of silver-silver 
chloride pins inserted in the muscle, one in the belly of the muscle and one 
near the tendon, leading to a string galvanometer. Myographic tracings 
were taken with a Sherrington isometric shadow myograph arranged in the 
optical system of the galvanometer to permit simultaneous recording of 
both action currents and tension. 

Resutts. A. The silent period with extrinsic excitation. If the silent 
period is due only to a subsidence of afferent excitatory impulses during the 
jerk, this action would be expected to be confined to those neurones which 
are discharging in response to the stimulus of the stretch. Other neurones, 
caused to discharge by means of a constant flow from some other source 
should not be affected by the cessation of discharge from the stretch affer- 
ents, and should show no silent period. It is true that some of these neu- 
rones may be facilitated by the stretch reflex. When this facilitation is 
removed by cessation of the afferent flow during the jerk, there might be 
insufficient excitation from the external source to permit discharge and 
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a silent period might be produced in afew neurones. In all but the weakest 
reflexes, however, this factor would play but a small part. Accordingly, 
tendon taps were elicited in both quadriceps and soleus during various com- 
binations of stretch reflex and crossed extensor reflex. 

In all but the very strongest crossed-extensor reflexes, silent periods were 
obtained in the entire pool of discharging motor neurones. With very 
light crossed-extensor stimulation the silent periods obtained were almost 
equal to those without additional extrinsic stimulation, but as the crossed- 
extensor reflex increased in intensity, the silent period shortened, and with 
such strengths of crossed extensor reflexes that the tendon tap no longer 
produced distinguishable action currents, the silent period was absent. 
Thus, in one experiment, three successive tendon taps during the course 
of a stretch reflex alone induced silent periods of 150, 170, and 170c. 
After a very weak crossed-extensor reflex was elicited in addition to the 
stretch reflex, two taps were followed by silent periods of 1350. After fur- 
ther recruitment by increasing the intensity of crossed-extensor stimulation, 
silent periods of 45 to 750 were obtained. When the crossed-stimulation 
was stopped after a tendon-jerk with a silent period of 75c, the next silent 
period lasted 130c. In the last records on the same plate, the crossed- 
extensor reflex was strengthened, so that the action current of the taps could 
hardly be identified, and following these taps there was no silent period. 
In another experiment silent periods following tendon taps with a stretch 
reflex alone lasted 80 to 950, while with crossed-extensor stimulation the 
silent periods were reduced from 40 to 55¢, and in a third experiment the 
silent periods with stretch only were 70 to 80¢ in duration and with an 
additional crossed-extensor reflex lasted only from 45 to 50c. 

The tendon tap was therefore followed by silent periods in units which 
the stretch reflex was not activating and which could not consequently be 
caused to stop discharging by the cessation of the discharge from the stretch 
afferents. There must therefore exist some additional mechanism or 
mechanisms which are capable of producing a silent period. 

The shortening of the silent period with additional extrinsic excitation 
is very similar to, if not identical with, the shortening in the silent period 
noticed with increasing autogenetic excitation produced by augmenting 
the stretch. In one experiment with a stretch reflex so weak that individual 
units could be identified, the silent period after tendon taps varied from 
95 to 114¢. With increasing stretch such that individual units could no 
longer be identified, silent periods ranging from 90 to 95¢ were obtained, 
and with a still greater stretch, silent periods of 80 to 950 were found. In 
another experiment silent periods of over 200¢ followed taps in a light 
stretch reflex, and with increasing stretch the silent period gradually de- 
creased to 70c, with a moderately intense background. The decreasing 
silent period with increasing crossed-extensor background does not there- 
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fore indicate necessarily that these silent periods were produced by a 
mechanism different from that which caused the silent period in the stretch 
reflex. 

These experiments give no evidence that the cessation of afferent flow 
does not play a part in causing the silent period in the neurones responding 
to the stretch. They do, however, indicate that another mechanism exists 
which can give rise to silent periods in the rhythmic discharge of neurones 
other than those taking part in the stretch reflex. 

B. The silent period in other muscles. In 1928 Denny-Brown concluded 
that the silent period was the result of central inhibitioh because he found 
it in muscles other than the one responding to the tendon tap and pub- 
lished a figure in which the silent period seemed to be present without a 
preceding efferent volley. 

In two of our experiments silent periods were obtained in the soleus 
muscle when the tendon of quadriceps was tapped. In both instances 
silent periods were produced in the action currents of stretch reflexes of the 
soleus muscle of such vigor that there existed no normal gaps in the electrical 
record of a length that might be confused with silent periods. In both of 
these experiments the silent periods were always preceded by a synchronous 
efferent discharge of considerable magnitude. That the phenomenon in 
soleus was not caused by some accidental stretch to soleus was demon- 
strated by the persistence of the jerk and the silent period even after all 
connection between the lower and upper parts of the limb had been sepa- 
rated with the exception of the nervous and vascular supply. 

It has therefore been impossible to confirm Denny-Brown’s observation 
that a tendon-jerk in one muscle can be followed by a silent period in the 
discharge of another extensor muscle without a preceding motor discharge. 

It must be concluded that the muscular jerk in the soleus muscle and its 
related action current were produced by a spread of the afferent impulses, 
arising from the tap on the tendon of the quadriceps, to the centers of the 
soleus muscle. The silent period in the action currents of the stretch 
reflex in the soleus muscle may, therefore, have the same explanation as 
the silent period in the electrical manifestations of the quadriceps muscle, 
both being secondary to the preceding jerk and synchronized efferent im- 
pulses. 

C. The silent period with reduced efferent outflow. If the silent period 
is caused by inhibition set up by stimulation of sense organs in the muscle 
or tendon as a result of the contraction brought about by the tendon tap, 
reduction of the size of the efferent discharge would be expected to decrease 
the intensity of autogenetic inhibition and therefore reduce the length of 
the silent period. Accordingly in two experiments the efferent roots sup- 
plying the muscle (in this instance the soleus) were progressively cut down 
and the silent periods at each stage were compared. No changes whatever 
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were noticed, except that in one experiment in the final stage only one unit 
remained, and the silent period obtained in it was longer than that obtained 
previously. 

The length of the silent period is thus unaffeeted by the number of units 
taking part in the jerk as long as they include all the units participating in 
the stretch reflex. The inhibition arising from the stimulation of muscle 
sense organs by the contraction of the jerk, if it exists at all, must therefore 
play a minor part in the production of the silent period. 

D. The silent period and the pause following an antidromic volley. Eecles 
and H. Kk. Hoff (1932) were able to demonstrate that when the axon of a 
rhythmically discharging motor neurone is stimulated by a single break 
shock, an antidromic impulse is conducted to the motor neurone via the 
motor fiber, and “resets” its rhythm in such a way that a pause ensues 
that is equal to or somewhat longer than a normal rhythmie interval. In 
a similar way a premature discharge induced in the pacemaker “‘resets”’ the 
rhythm of the heart (ecles and H. E. Hoff, 1931). If several motor neu- 
rones are discharging, an antidromie volley synchronizes the discharging 
units and is followed by a pause limited in length by the rate of the most 
rapidly discharging neurone. 

To compare the length of such a “silent period’ with the silent period 
of the tendon tap, in four experiments the right soleus muscle was de- 
afferented by section of the right 6th, 7th and Sth lumbar roots, which has 
been found to sever completely the afferent connection of the popliteal 
nerve. A crossed-extensor reflex was elicited in soleus by faradie stimula- 
tion of the contralateral sciatic nerve and in the course of this reflex the 
nerve to soleus was subjected to a single break shock. In three further 
experiments this procedure was carried out in preparations in which the 
silent period of a tendon-jerk in soleus had already been studied. Pauses 
thus produced in the activity of a group of discharging soleus motor 
neurones were entirely comparable to the silent periods produced in soleus 
action currents by means of a tendon tap. 

Figure 1 shows silent periods of tendon taps in soleus compared with 
“silent periods’? produced in de-afferented soleus muscles by an antidromic 
volley set up by a single break shock applied to the motor nerve. In length 
and in the complete absence of action currents, the silent periods of these 
two different origins are strikingly similar. Thus, in the experiment of 
November 28, 1933, a tendon tap produced silent periods in soleus varying 
from 70 to 2200, varying inversely with the intensity of the background 
induced by the stretch reflex. The animal was then lightly anesthetised 
with ether and the muscle de-afferented. After recovery from the anesthe- 
sia a crossed-extensor reflex was elicited and single antidromic impulses sent 
up the motor nerve fibers. By this procedure ‘‘silent periods” of from. 60 
to 1900 were produced, depending upon and varying inversely with the 
intensity of the crossed-extensor background. 
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When a similar experiment was tried with quadriceps results were the 
same. The stretch reflex in quadriceps can bring into activity only a 
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Fig. 1. Experiment March 10, 1934. Decerebrate cat. Records were obtained 
first of tendon jerks in the right soleus against a background of stretch reflex. The 
animal was then lightly anesthetized with ether and the 5th, 6th, 7th and 8th lum- 
bar dorsal roots on the right side were severed. After recovery from the anesthetic 
shielded electrodes were placed on the right popliteal nerve and single break shocks 
delivered during a crossed-extensor reflex elicited by stimulation of the left popliteal 
nerve. String galvanometer records of the muscle action currents were taken. 

A. Above is a record of the silent period of a tendon jerk lasting 660 from the 
beginning of the active current of the jerk. Below is the silent period following a 
single antidromic volley. It has also a duration of 66. 

B. Above the silent period of a tendon jerk and below the silent period following 
an antidromic volley, both have a duration of 60c. 

C. Two silent periods following tendon jerks and two silent periods following 
antidromic volleys. All show complete absence of action currents for 80c. 
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small proportion of the total motor neurone pool, so it was difficult to ob- 
tain, by means of crossed-extensor stimulation, a discharge of only those 
units which the stretch reflex activates. When, however, an electrical, 
record of the action currets was obtained, with the erossed-extensor reflex, 
comparable to that produced by the stretch reflex the silent period follow- 
ing an antidromic volley in the motor fibers of quadriceps was identical to 
that following the knee-jerk. With more intense crossed-extensor stimula- 
tion, however, the rate of the discharging neurones increased greatly and 
the length of the “‘silent period” of the antidromic volley decreased, just 
as the length of the silent period following the knee-jerk had been previously 
observed to decrease with increasing intensity of the stretch-reflex. 

It was therefore possible, by a procedure which caused synchronous dis- 
charge of the active motor neurones in which neither cessation of afferent 
flow nor inhibition were involved, to produce a temporary cessation of 
action currents comparable in every way to the silent period following a 
tendon-jerk. 

kK. The silent period in the discharge of single units. In some instances, 
especially in soleus, where the discharge of single units may more easily 
be recorded, it was possible to obtain records of Jerks elicited by tendon 
taps during the rhythmie discharge of single motor units. In these experi- 
ments the tendon was not tapped directly, to avoid harmful stimuli (see 
fig. 3) to the tendon but the reflex was elicited by tapping the foot and thus 
stretching the muscle. Taps were strong enough to give rise to vigorous 
responses. Records of these experiments showed that the efferent volley 
had an action similar to that of an antidromic volley (Eecles and H. Ek. Hoff, 
1932) or of an extrasystole in the pacemaker of the heart (Eccles and H. EF. 
Hoff, 1931) in causing a ‘resetting’ of the rhythm of the motor neurone 
so that an interval equal to or slightly exceeding a normal interval existed 
between the jerk and the next discharge. The length of the interval 
or “silent period’? was shown to depend only upon the rate of discharge of 
the single unit. 

On November 10, 1933 a unit was obtained in one record which beat 
very regularly at an interval of 1150, and a tendon jerk oceurring 75o after 
one discharge was followed by another discharge after 115c¢. A tendon 
tap in another rhythm which varied from 130 to 150¢ was followed by a 
silent period of 140c. In other records in the same experiment the silent 
periods were almost exactly equal to the rhythmic interval, while in others 
they were slightly longer (see fig. 2). The data at present available are 
insufficient to indicate whether there is any relationship between the posi- 
tion of the jerk in the cycle and the subsequent silent period. 

ven in those cases where the silent period following the jerk was slightly 
longer than the normal rhythmic interval, the next interval was not pro- 
longed and showed only a normal variation in length. 
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In no reeord could any sign of inhibition be demonstrated. In the paper 


of Eeeles and Hoff it can be seen that the normal interval may vary fairly 
widely. Further, a jerk early in the eyele might possibly be followed by a 
period of about 1.5 times the length of a normal interval and allowing for 


Fig. 2. Experiment March 20, 1934. Decerebrate cat. Single motor unit of right 
soleus isolated because of its low threshold and its location near the edge of the 
muscle. Rate about 8 discharges a second. In A the interval following the tendon 
tap, seen as the large action current in the middle of the record, is almost exactly 
equal to the average rhythmic interval. 

In B the interval following the tap is slightly longer than the average, and in C, 
somewhat shorter. In D the interval following the tap is 20¢ longer than the aver- 
age interval, and in E, the very early jerk is followed by an interval 1.3 times the 
average interval. 


individual variations, as long as 1.7 times a normal interval. Intervals 
longer than this have not been found. 


| 
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The conditions of these experiments were especially favorable to the 
demonstration of any inhibition that might be present. A light background 
of stretch reflex and a very slow rate of discharge, pitted against a brisk 
tendon tap would tend to magnify greatly the effeets of central inhibition. 
Despite these favorable circumstances no signs of inhibition could be 
detected. 

These experiments indicate that the major factor in the genesis of the 
silent period is the resetting of the rhythm of the active neurones by their 
synchronous discharge by the efferent volley of the tendon jerk. With 
light reflex background the rate of the discharging units is slower and the 
silent period will, therefore, be longer. With more intense background 


Fig. 3. A, Band C. Decerebrate cat. Soleus muscle. Asynchronous discharge 
of a number of units responding to stretching the muscle. Each record shows in- 
hibition of discharge caused by pressure with the handle of a scalpel on the tendon 
near its insertion. Very strong tendon taps would probably involve the end organs 
responsible for the inhibition shown here. 


the rate of the discharging units increases, and new units of higher thresh- 
olds and more rapid rate of discharge are recruited, and the silent periods 
are therefore shorter. 

The similarity between the silent period of the tendon jerk and the pause 
following an antidromic volley in the motor fibers can therefore be under- 
stood. Both have as their basis the synchronous discharge of all active 
neurones, in one case by the efferent volley of the jerk, and in the other by 
the antidromic volley. In both eases the rhythm of the discharging neu- 
rones is reset, and a pause occurs equal in length to the interval between 
successive discharges of the most rapidly firing motor neurones. That such 
is the case is further supported by the fact that the length of the silent period 
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is always within the magnitude of the rhythmie interval occurring in the 
discharge of the motor units, whereas if inhibition were a factor it might 
be anticipated that with the more intense muscular responses silent periods 
of greater length would be found. 

Discussion. Premature discharge during the rhythmie activity of the 
motor neurone has been known to reset the rhythm of the neurone and 
produce a pause equal to or slightly longer than a normal rhythmic interval. 
This occurs not only with early discharges caused by an antidromic im- 
pulse but also follows early beats of intrinsic origin. Such behaviour 
seems to be a general property of rhythmic mechanisms, and has been also 
demonstrated in the pacemaker of the ma:rnmalian heart by Eecles and H. E. 
Hoff (1931) and in the rhythmically discharging sense organ by Matthews 
(1931). 

These experiments demonstrate that a tendon tap evokes a synchronous, 
and in the case of many of the units premature, efferent discharge which 
resets the rhythm of all the active neurones in a similar manner. With 
only one neurone responding to the stretch this resetting of the rhythm can 
be clearly shown. When more than a very few units are discharging their 
synchronous activity provides a continuous background of action currents 
so that when the rhythm of each unit is reset by the synchronous discharge 


of the jerk, a silent period is produced equal to the interval between suc- 
cessive discharges of the most rapidly firing neurone. 


CONCLUSIONS 


1. All phenomena associated with the silent period are accounted for on 
the basis of the ‘“‘resetting’’ of the rhythmic discharge of the neurones 
taking part in the stretch reflex by their synchronous discharge in the ten- 
don jerk. 

2. The subsidence of afferent flow resulting from the release of tension 
of “‘in parallel’ sense organs is not the chief mechanism for production of 
the silent period of the tendon tap. 

3. Neither autogenous inhibition from the tendon jerk, nor direct inhi- 
bition from the tap itself can be demonstrated as the cause of the ‘‘silent 
period”’ following the knee-jerk. 
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The regulation of gastro-intestinal motility has been ascribed pre- 
dominantly to nervous mechanisms. Actually, motility, like secretory 
activity of the digestive tract, may be controlled by nervous and also 
humoral factors. Experiments demonstrating the regulation of motor 
activity by naturally occurring blood-borne factors are therefore particu- 
larly significant. 

Humoral factors are involved in the inhibition of gastric motility which 
follows the ingestion of fats (Quigley, Zettelman and Ivy, 1934) and the 
similar action of carbohydrates on the stomach suggests a dependence on 
the same general mechanism. The vagi are not essential in the latter 
phenomenon, for Templeton and Quigley (1930) observed inhibition of 
motility in a Heidenhain pouch and Quigley and Hallaran (1932) in the 
vagotomized stomach following ingestion of carbohydrates. Gastric 
inhibition from carbohydrates depends on their presence in the digestive 
tract but not on the presence of carbohydrates per se in the blood stream, 
for inhibition does not follow the intravenous injection of dextrose or lac- 
tose (Quigley and Hallaran (1932), Mulinos (1933)). 

The present investigation was designed to determine the effect of in- 
gested carbohydrates on the denervated stomach and also whether the 
gastric inhibition was dependent on carbohydrates limited in contact to 
the stomach or to the intestinal mucosa. 

EXPERIMENTAL. The animals employed throughout this investigation 
were prepared by surgical methods previously described (Quigley, Zettel- 
man and Ivy) appropriate for the individual phases of the study and 
subsequently were maintained in a healthy condition. They were trained 
to lie fully relaxed on comfortable pads during each experiment at the 
beginning of which they had been fasting for twenty-four hours. Gastric 
motility was studied by the balloon method and a tube which passed 
through and for a short distance beyond the balloon was introduced into 
the stomach or pouch with the balloon to be used for injecting solutions 
(at body temperature) while motility was being recorded. 


1 Crile Research Fellow. 
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A. Inhibition of gastric motility in the denervated stomach. 1. Auto- 
transplanted, denervated pouches were prepared in five dogs and simul- 
taneous records of motility were made from the pouch and the remaining 
portion of the stomach. Introduction of carbohydrate solution into the 
stomach in 89 experiments (35 dextrose, 13 lactose, 41 sucrose) gave results 
from the stomach of these animals identical with the normal stomach as 
described by Quigley and Hallaran. The administration of 100 cc. 6 per 
cent dextrose during a 5 minute interval usually produced complete 
inhibition within 3 minutes (time intervals in all cases are measured from 
the beginning of the injection) and recovery began in 15 to 45 minutes; 11 
per cent lactose or sucrose solutions acted similarly. The results were 
more striking, more conclusive and more constant in occurrence when 
solutions of higher concentrations were employed and dextrose, lactose and 
sucrose as 20, 30, 40 and 50 per cent solutions, usually in amounts of 100 
cc., were used in the majority of the experiments. 


Fig. 1. Simultaneous records of spontaneous motor activity from the autotrans- 
planted pouch (above) and the stomach (center). Lower record 1 minute time 
intervals. Horizontal bands A indicate period of injecting 100 cc. 11 per cent sucrose 
into the stomach; B, 24 minutes after beginning of sucrose injection shows recovery 
of pouch and stomach. 


The response of the denervated pouch to such administrations of carbo- 
hydrate closely paralleled that of the stomach in all respects (fig. 1), but 
inhibition of the pouch was later and more gradual in onset, developing in 
4 to 5 minutes and recovery usually occurred first in the pouch, thus the 
period of pouch inhibition was slightly the shorter. 

Both the stomach and pouch usually showed a decrease in motility 
(frequency and amplitude of contractions) and intone. Motility and tone 
were usually modified in the same general direction but not necessarily 
simultaneously or identically; complete disappearance of motility might 
occur without significant change in tone and minimal tone frequently 
developed several minutes after complete iahibition of motility. Recovery 
of tone was a more gradual process than return of motility and in the pouch 
return of normal amplitude of contraction usually preceded recovery of 
frequency. 

Carbohydrate solutions of various concentrations displayed quantitative 
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rather than qualitative differences in their inhibitory action. With weaker 
solutions the onset might be moderately delayed, frequency of contractions 
was depressed more completely than amplitude, especially in the pouch, and 
recovery occurred earlier (15 to 35 min.) than with concentrated solutions 
(2 to 3 hrs.). The concentrated solutions usually produced abrupt in- 
hibition of the stomach, sometimes within 2 minutes, but gave no indi- 
cation of producing nausea or other vititating effects. 

Typical carbohydrate inhibition was not obtained in every experiment. 
Good preinjection motility and tone were desirable ; with low grade activity 
inhibition might be very moderate or entirely absent. If the stomach were 
quiet and the pouch active, inhibition of the pouch usually occurred with- 
out appreciable effect on the stomach. Inhibition of the pouch or stomach 
failed to occur in a few experiments following the administration of an 
amount of carbohydrate shown at other times to be effective. The failure 
might be due to a slow entrance of carbohydrate into the duodenum, (the 
upper intestine will subsequently be shown to be the site of initiation of the 
inhibition), thus indicating a dependence upon a time-quantity factor. On 
rare occasions typical inhibition of the stomach occurred with little or no 
effect on vigorous pouch activity. This was explained by assuming a 
lowered susceptibility of the pouch to the humoral inhibitory factor or by 
assuming that the stomach is inhibited through nervous pathways in addi- 
tion to the humoral mechanism. Other observations supporting these 
conclusions relate to the earlier onset of inhibition and its longer duration 
in the stomach. 

Inhibition of the pouch and stomach by dextrose, lactose and sucrose was 
essentially the same, but dextrose was more effective in degree and duration 
of the inhibition. The effectiveness of carbohydrate inhibition is exempli- 
fied by the fact that 100 cc. 50 per cent sucrose completely inhibited the 
marked hypermotility of pouch and stomach produced by 4 mgm. of 
pilocarpine. 

Gastric inhibition from the carbohydrate solutions was not due to their 
fluid content, for 100 cc. of 0.9 per cent NaCl may be introduced into the 
stomach without producing depression (Quigley and Hallaran). We have 
fully confirmed this observation and extended it to show that the pouch 
also is not affected. We have likewise confirmed and extended their 
observation that hypermotility of gastric tissue does not follow the re- 
covery from carbohydrate inhibition. The motility of pouch and stomach 
which occurs after recovery can be again inhibited in the characteristic 
manner by repeating the administration of carbohydrate. 

2. The extrinsic gastric nerves were sectioned in one dog by performing 
double vagotomy, double splanchnicotomy and celiac ganglionectomy. 
The action of carbohydrates introduced into this stomach was studied in 
nine experiments (5 dextrose, 4 sucrose) by the method previously de- 
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NORMAL STOMACH- Normal innervation, E. Esophagus 
Fundus, Fylorus, D. Duodenum, C. Celiac Ganglion 
S. Spleen. 


AUTO-TRANSPLANTED POUCH - All extrinsic nerves and short 
paths topoucheut. Transplanted pouch, AAbdomine! 
wall, S.Spleen. 


ENTIRE STOMACH POUCH -Vagiand snort paths fo 
Cs0phagusand duodenum cul, inted. E. 
Esaphagus, D. Duodenum, C. Celiac gangtion, Funcus, 

P Fylorie antrum, A. Abdominal wall, S. en. 


VAGOTOMIZED, SPLIANCHMICOTOMIZED ond CELIAG GANGLION: 
ECTOMIZED STOMACH - All extrinsic nerves sectioned, thert 
intact. Splonchnie nerves, C. Celiac ganglia, 


A 


OBSTRUCTED STOMACH -Mormel jnnervation 
stresfomy opening, C Catheler into / ty for feeds 

Entero-enterestemy opening, P Mucase/ 
Abdomina! well 
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scribed. Results almost identical with those from the normal stomach 
were obtained, but during the injection period in about half the experiments 
an elevated base line and an increase in amplitude and frequency of contrac- 
tions developed. This was rather definitely a stretch phenomenon related 
to the increased pressure within the stomach. Complete inhibition 
occurred slightly later (4 to 5 min.) even with concentrated solutions and 
was more gradual in development than in the normal stomach. 

B. Site of initiation of the inhibitory factor. While recording gastric 
motility, carbohydrate solutions were introduced into the stomach under 
conditions which precluded escape into the intestine. Concentrated 
dextrose solutions injected into the pouch of the entire stomach (3 experi- 
ments) or into the stomach of a dog having a mucosal septum at the pylorus 
(2 experiments) did not inhibit gastric motility (occasionally there was a 
slight increase in motility and elevation of the base line). In 15 experi- 
ments dextrose or sucrose solutions (40 to 70 per cent) were introduced into 
the auto-transplanted pouch without altering motility in the main stomach 
on any occasion. In some experiments the pouch record showed a marked 
and abrupt elevation of the base line usually accompanied by an increase 
in rate but a decrease in amplitude of contractions (incomplete tetanus). 
This resulted from increased pressure within the pouch and not from the 
carbohydrates or their osmotic action, for it usually disappeared promptly 
when the pouch was allowed to drain and it could be produced by the intro- 
duction under similar circumstances of 10 per cent NaCl or 0.9 per cent 
NaCl into the pouch. 

Quigley and Hallaran inhibited gastric motility by introducing carbo- 
hydrate solutions into the duodenum. Their experiments were indicative 
regarding the site of initiation of the inhibitory factor, but not conclusive 
for escape of the solution from the upper intestine was not prevented. 
Under conditions free from this objection (employing dogs with obstructed 
pylorus or with a pouch of the entire stomach) we introduced 100 cc. 6 per 
cent dextrose or 11 per cent lactose or sucrose into the upper jejunum or 
duodenum and produced typical inhibition of the stomach. Similar in- 
jections of 0.9 per cent NaCl did not alter gastric motility. 

Conctusions. Gastric inhibition produced by the ingestion of carbo- 
hydrates is due to their presence in the upper intestine (probably to contact 
with the mucosa). It occurs when such solutions are limited to the upper 
intestine, but not from carbohydrates restricted to the stomach or, accord- 
ing to Quigley and Hallaran, to the lower ileum or colon. It is apparently 
not only specific in site of origin but also specific in action, for the latter 
investigators have shown that it does not inhibit other portions of the gut 
such as the lower ileum or colon. 

Carbohydrate inhibition may normally result from a humoral factor, 
a nervous factor, or both. Its occurrence in the denervated auto-trans- 
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planted pouch must depend exclusively on the humoral mechanism and 
extrinsic nerves are not involved when the reaction occurs in the vagoto- 
mized, splanchnicotomized, celiac ganglionectomized stomach. The only 
indications of dependence on a nervous reflex adduced from this investiga- 
tion relates to the earlier development of inhibition and with dilute solu- 
tions of carbohydrates, the slightly greater effectiveness in the normal 
stomach than the denervated pouch. However, these differences might 
result from reduced susceptibility of the denervated tissue to the humoral 
factor. The humoral factor resembles an inhibitory hormone, i.e., it is 
chalone-like in origin and action. The similarity of the mechanisms in- 
volved in gastric inhibition from ingested fats to that induced by carbo- 
hydrates is pronounced, especially in regard to the blood borne factors. 
The normal control of gastro-intestinal motility by other humoral factors 
yet unidentified is suggested. 


SUMMARY 


Carbohydrates entering the normal empty stomach inhibit hunger con- 
tractions. This phenomenon occurs in the denervated stomach and is 
definitely the result of a humoral factor (not carbohydrate per se) pro- 
duced by the presence of carbohydrate in the upper intestine, but not in 
other portions of the gut. A nervous reflex, if also involved, is likewise 


initiated from the same region. The inhibition persists until the onset 
of digestive contractions, an interval which is short following ordinary 
ingestion of carbohydrates, but with concentrated solutions may persist 
for several hours. It apparently is physiologically significant in controlling 
the rate at which carbohydrates will enter the duodenum. 
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The results of a study in this laboratory of the quantities of water 
required for the removal in urine of urea and of several salts were pub- 
lished several years ago (1). The plan of the experiments was extremely 
simple. The animals used were rats. Urea or salt was added to a basal 
maintenance diet in progressive increments and the intake of the added 
substance and the accompanying quantity of water drunk by the animals 
were measured. The water intake was assumed to be applied entirely 
to the removal of the ingested materials in the urine, the additional factors 
of water expenditure, which were relatively very small in the presence of 
the large quantities of material claiming excretion in urine, being disre- 
garded. The results were presented as concentration values for the in- 
gested substance referred to the volume of the water intake and were 
regarded as approximately describing the actual concentration in the urine 
of the substance or substances under investigation. The data thus ob- 
tained showed clearly that the water requirements for the removal in 
urine of equivalent osmolar quantities of the several salts studied is closely 
identical, and that much less water is required for the removal of a corre- 
sponding quantity of urea. It was also found that, when mixtures of 
salts are fed, their individual water requirements remain additive. When, 
however, mixtures of urea and salt are fed, it was found that much less 
water is required for the removal of the two substances together in urine 
than is prescribed by their water requirements as separately determined. 
This curious finding indicating an economy of water in the excretion in 
urine of mixtures of materials containing urea was regarded as deserving 
further description by a more accurate method of study. To this end 
experiments were undertaken in which the data were obtained directly 
from the urine. The results of these experiments are presented in this 
paper. 

PLAN OF EXPERIMENTS. The animals used were nearly grown male 
rats of approximately the same weight, 200 grams + 10 grams, and were 
between three and four months of age. In each experiment the data were 
obtained from a single animal confined in a suitable metabolism cage. 
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Consecutive twenty-four hour collections of urine were obtained and meas- 
urements of the daily quantities of food eaten and water drunk were 
recorded. 

The data sought were measurements of the concentration in the urine 
of substances added singly and as mixtures to the basal diet. To this 
end two substances were used in each experiment. The experiment was 
begun by adding one of the substances to the diet. Then in successive 
periods this substance was progressively, and in the final period entirely, 
replaced by the other substance. In all of the experiments, except those 
in which glucose was studied, the sum of the osmolar values of the sub- 
stances added to the diet remained the same throughout the experiment. 
Each period occupied five days, the measurements being obtained from 
urine collected over the last three days. 

The basal diet used was of the purified type, being composed of casein, 
milk fat, corn starch, yeast and a salt mixture.! Since each experiment 
extended over a number of weeks it was necessary that the basal diet be 


1 The level of protein intake used was lower than in the preceding study (1), the 

composition of the basal diet being as follows: 

The method of adding the substances under study to this basal diet is described in 
detail in the preceding paper (1), the essential point being that the carbohydrate-fat 
ratio was so altered, in terms of the weight quantities of the substances added, as 
to provide the same caloric value per gram of food eaten in all of the periods of an 
experiment. With this plan calculation of intake data from a measurement of the 
weight of food eaten is much simplified and a stationary basis for observation of the 
acceptance of the experimental diets by the animals is provided. The increase of fat, 
according to the varying amounts by weight of the substances added, also serves to 
prevent powderiness of the food and the consequent hazard of scattering, a detail of 
much importance. An illustration of the adjustment of the carbohydrate-fat factors 
is given in footnote 4. In the experiments in which the weight of the added sub- 
stances was relatively small, more of fat and correspondingly less of starch was used 
in the basal diet in order to provide a suitable texture. The yeast used was dried 
brewer’s yeast which was kindly supplied us by the Northwestern Brewing Company. 
The salt mixture was prepared by grinding the ingredients together very thoroughly 
inamortar. An even distribution of the salts was demonstrated by analyzing sam- 
ples of the mixture for several of the component substances. The composition of the 
salt mixture was as follows: 


25.8 
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adequate for nutritional maintenance. In this respect it was, however, 
minimal as regards protein and inorganic substances in order that the 
quantity of materials presenting for excretion in the urine from the diet 
should be relatively small and thus interfere as little as possible with the 
relationship of the added substances to the volume of the urine, an ap- 
proximate definition of this relationship being the objective of the experi- 
ments. The ideal experiment would provide urine containing only the 
substances under investigation. The extent to which this goal is ap- 
proached was, in most of the experiments, described by determining the 
total concentration of substances in the urine by measurement of the 
freezing point depression. The added materials were found to constitute 
above eighty per cent of the total excretion of substances. 

The significant data are the measurements of concentration in the urine 
and other values derived from them. Their relationships are best dis- 
played by the graphic method and except for the data obtained from the 
creatinine experiments, are so presented. In order to illustrate clearly 
the plan of the experiments, the directly measured data from a sodium 
chloride-urea experiment are recorded in table 1. Besides the urine data, 
the measurements of food and water intake and of urine volume are given, 
and will serve to indicate the regularity of the animal’s behavior as re- 
gards acceptance of the diet and adjustment thereto of the water intake. 

Obviously in a study of the relationship of urine volume to the removal 
of substances by the kidney, the values for the substantes should be ex- 
pressed in terms of their osmotic activity. Statements of concentration, 
in the case of the salts, should therefore define the sum of the concentra- 
tions of their osmotically active components. The urine concentration 
data recorded in the charts and tables are, accordingly, osmolar values. 
They are derived from direct measurement of one of the radicles of a sub- 
stance. It is assumed that this radicle is accompanied by a complete 
equivalence, in terms of valency, of the other radicle or radicles of the 
ingested substance and, also, that dissociation in the urine is complete. 
The plan of study also prescribes that the replacement of the intake of one 
substance by another be performed in terms of osmolar equivalence. This 
requirement will perhaps justify the form of statement, ‘‘os-millimols’’ 
per gram of food, which is used to describe the additions of substances 
to the diet.? 


2 A few illustrations will serve to make these statements clear. The quantity of 
the non-electrolyte urea added to 1 gram of food in order to provide an intake of one 
os-millimol per gram is 60 mgm. (1 millimol). This quantity for NaCl is 29 mgm. 
(4 millimol) and for NasSO, is 47 mgm. (4 millimol). Correspondingly, the osmolar 
values for urea, NaCl, and Na,SQ, in the urine are obtained by multiplying the molal 
concentrations found by 1, 2 and 3 respectively. 
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Chemical methods. The methods of analysis by which the data from the urine 
were obtained are as follows: Sodium by uranyl zine acetate precipitation as de- 
scribed by Butler and Tuthill (2), potassium by Fiske’s modified cobaltinitrite 
method (3), chloride by Fiske and Lin’s method of wet ashing with nitric acid and 
Volhard titration (4), phosphate by the method of Fiske and Subbarow (5), sulfate by 
the benzidine method of Fiske (6), creatinine by the method of Folin (7), glucose by 
titration with Benedict’s copper solution and galactose by the same method after 
establishing 63.5 mgm. of galactose as the quantity which will reduce 25 cc. of the 


TABLE 1 
Basal data from a sodium chloride-urea experiment 


The measurements from the urine and other values derived from them are graphi- 
cally presented in the right hand section of figure 4. 


CONCENTRATION DATA FROM URINE 


(OSMOLAR) 
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22 14.0 2.24 | 0.25 ; 1.86 


copper solution. The depression of freezing point was measured by means of a 
Hortvet cryoscope. The values for total ionic concentration were obtained by 
dividing the observed A by 1.86. 


Salt experiments. The concentration values found in the urine in a 
series of experiments in which the chlorides and the carbonates of sodium 
and potassium were studied are recorded in figure 1. The level of addition 
of the salts to the basal diet was 2 os-millimols per gram of food. As 


day day 

I 44 36.0 1.04 0.87 0.10 | 0.97 
Wi ¢ P| 13.1 35 29.5 | 1.30 | 0.98 | 0.24 | 1.22 
Wi 12.3 30 22.0 | 1.54 | 1.00 | 0.37 | 1.37 
IV P| 12.4 28 21.5 | 1.70 | 1.02 | 0.53 | 1.55 
v3 S| 13.8 26 19.0 | 1.93 | 0.92 | 0.81 | 1.72 
| 14.3 25 18.5 | 2.14 | 0.79 | 1.10 | 1.90 
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may be seen in the graphs, in each of the experiments, as one salt is re- 
placed by another, their osmolar concentrations in the urine rise and fall 
respectively with a close reciprocity which produces a nearly stationary 
value for the sum of the component electrolytes of the two salts. This 
value is also roughly the same in each of the three experiments which 
were carried out with different animals, and is in the neighborhood of 
1.0 osmolar. 

eExperiments were next undertaken in which an addition of sodium 
chloride to the basal diet was gradually replaced by a phosphate (ICH2PQ,) 
or by a sulfate (Na2SO,). Here an obstacle was encountered consisting of 
disturbance of gastro-intestinal function when phosphate and, in less 
degree when sulfate, were ingested to the extent of 2 os-millimols per gram 


Concentration of electrolytes in urine following ingestion of mixtures of salts 


Nact- KCI K NaHCO, 


Fig. 1 


of food. To avoid this interfering circumstance, it was necessary to carry 
out the experiments at a level of 1 os-millimol of added substances per 
gram of food. The measurements obtained from the urine are recorded 
in figure 2 and are of the same character as those found for the mixtures 
of chlorides and carbonates. The value for the sum of the concentrations 
of the radicles derived from the ingested salts is roughly stationary in the 
presence of extensive change in the concentrations of the component 
factors. It will be noted that this addition value is approximately 1.2 os- 
molar instead of 1.0 osmolar found in the chloride-carbonate experi- 
ments. Obviously however this higher value cannot be referred to the 
phosphate or sulfate radicles since it obtains in the initial periods in which 
the added material is entirely sodium chloride. The data to be presented 
in the next section will indicate that this appreciably higher level of con- 
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centration of the electrolytes is referable to a larger relative value for 
urea permitted by the lower level of intake of salts. Without entering 
further into this explanation here, it may be mentioned that actual values 
found for the concentrations of urea in the urine in the presence of addi- 
tions of 1 os-millimol and of 2 os-millimols of sodium chloride per gram 
of food were 0.23 osmolar and 0.13 osmolar respectively. 

It is the evidence of these experiments that the water requirement for 
the removal in urine of the six electrolytes studied, Na, K, Cl, HCQs, 
H.PO, and SQ,, is the same, or at least approximately the same, for each 
of them and that their individual requirements are directly additive when 
mixtures of them enter the urine. In view of their widely different con- 


NaCl+ KH,P0,. NaCl — Na,SO4. 


(Na) +{Ct) +(S04) 
Na) +{Cl) +04PQ) 


Fig. 2 


centration values in the hlood plasma, it is interesting that they are, in 
this respect, identically dealt with. 

Urea-salt experiments. In these experiments a much higher level of 
addition of materials to the food, 5 os-millimols per gram, was successfully 
used. In order to obtain a detailed description of the finding roughly 
uncovered by the experiments published several years ago (1), the transi- 
tion from the initial period when urea alone was added to the food, to the 
final period in which urea was completely replaced by salt, was accom- 
plished in eight successive steps. Data were thus obtained from six inter- 
mediate periods during which urea and salt entered the urine together in 
differing relative amounts. Two such-experiments were carried out, the 
salt used in one of them being sodium chloride and in the other, potassium 
chloride. The data obtained were nearly identical. Those from the urea- 
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sodium chloride experiment are presented in figure 3. In this figure, and 
in those which follow it, the solid line curves are constructed from the 
concentration values directly measured in the urine. The points on the 
broken line curves are the values which would obtain if the individual 
water requirements of the substances were completely additive when mix- 
tures of them are excreted. These values are calculated from a value for 
the concentration of urea in the urine when unaccompanied by sodium 


Fig. 3 


chloride, a value for sodium chloride when unaccompanied by urea, and 
the relative amounts of the two substances found in the urine. It will 
be noted that in the first period of the experiment, when the added sub- 
stance was entirely urea, the urine contains a small amount of sodium 
chloride which derives from the basal diet and that in the final period when 
salt alone was added to the food there is unavoidably a small excretion of 
urea. It was therefore necessary to obtain theoretical values for the ex- 
cretion of urea alone and of sodium chloride alone by projection of the 
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curve found for (urea + NaCl). As may be seen in the left hand section 
of the diagram, the values thus derived are 1.25 osmolar for urea and 
0.6 osmolar for sodium chloride. It would therefore be expected that, 
as sodium chloride replaces urea in the urine, the sum of the concentrations 
of the two substances would progressively decrease. The expected path 
of descent of this value is shown by the broken line curve between the 
initial urea and the final sodium chloride value. As shown by the solid 
line curve the values actually found for (urea + NaCl) extensively dis- 
obey this expectation. The curve even rises above its initial value and 
over the first four intervening periods, and not until three-fourths of the 
urea has been replaced by sodium chloride, does it fall below it. This un- 
expected behavior of the curve is equally striking when followed in the 
reverse direction. Replacement of sodium chloride by urea in very small 
steps causes the curve to rise precipitously with the result that its sodium 
chloride component, when plotted separately, is at first carried far above 
the initial value in spite of the progressive decline in the absolute amount 
of salt excreted. The wide discrepancy between the expected values for 
(urea + NaCl) and the values found can only be interpreted as demon- 
strating that the water requirements which obtain for the separate removal 
of urea and of salt are much less than additive when the two substances 
are excreted together. 

The uppermost curve in the diagram describes the total concentration 
of substances in the urine as determined by measurements of freezing 
point depression and shows how nearly, by this plan of experiment, the 
urine can be filled with the substances under investigation. There is, 
however, excretion of an appreciable quantity of other materials and this 
adds to water expenditure and thereby depresses the concentrations of 
urea and of sodium chloride below the values which would obtain for 
them if no other substances were present in the urine. A quantitatively 
more accurate description of the results of this experiment in terms of 
water expenditure can be devised if it may be assumed that the effect on 
the water requirement which the data disclose is referable to urea and 
that the individual water requirements of the other substances in urine 
have the same value as found for sodium chloride. In other sections of 
this paper the first of these assumptions is supported and the second one 
is found to be approximately valid. Permission to relate an urea effect 
to the total concentration of substances is thus provided. The data from 
the experiment are plotted in these terms in the right hand section of 
figure 3 which also contains a curve directly describing water expenditure. 
Concentration being the reciprocal of volume, a statement of urine volume 
as cubic centimeter per os-millimol of material can readily be obtained 
from the measurements of total concentration. The curve thus derived 
(recorded on the same ordinate scale as the concentration data) is sup- 
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plied by projection with an initial and a final value and the broken line 
curve connecting them describes the volume of the urine for the intervening 
periods which a complete addition of the individual water requirements of 
the substances would prescribe. The space between the two curves 
measures the economy of water found when urea and other substances are 
excreted together. It is, as may be seen in the diagram, a considerable 
quantity, amounting at its widest to almost one-half of the expected 
expenditure of water. 

Galactose experiments. It was next undertaken to learn whether or not 


SODIUM CHLORIDE— 
GALACTOSE. 


Volome,CC per os-m-mol. 
Total (0s-M) from. 


Fig. 4 


the removal in urine of other non-electrolytes together with salt is ac- 
complished with the saving of water found for urea-salt excretion. Ex- 
periments with galactose were suggested by the observation by Cori (8), 
that when galactose is fed to rats in large amount about one-half of it is 
excreted in the urine. The results of a sodium chloride-galactose experi- 
ment are recorded in the left hand section of figure 4. The materials were 
added to the food in amounts intended to provide an excretion of them 
in the urine to the extent of 2 os-millimols per gram of food. To this end 
the galactose fraction was doubled in the food in order to allow for the 
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expected oxidation of about one-half of it.* Owing to this adjustment 
and to the large size of the galactose molecule, there was not sufficient 
space in the diet to permit carrying the experiment to completion at the 
2 os-millimol level.4 The data obtained from the six periods of the experi- 
ment are, however, sufficient to describe clearly the independence of the 
concentration of sodium chloride and galactose in the urine. Galactose 
is evidently excreted at a slightly lower level of concentration than is 
sodium chloride. The curves of their individual values are nearly straight 
lines and these follow closely the theoretical points calculated from the 
initial sodium chloride value and a final galactose value, obtained by pro- 
jection of the galactose curve, on the assumption of additive water re- 
quirements. It is thus clearly evident that galactose does not exert the 
water saving effect found in the urea-salt experiment. To provide di- 
rectly comparable data, the same animal was carried through an urea-salt 
experiment at the 2 os-millimols per gram level of addition of the sub- 
stances to the food. The results are plotted in the right hand section of 
figure 4 and the increase in the concentrations of the two substances above 
the expected values, as already seen in figure 3, is again described. 

It was next of interest to observe the excretion together of urea and 
galactose. The results of an urea-galactose experiment, and also for 


purposes of comparison, those of an urea-salt experiment carried out on 
the same animal, are presented in figure 5. The concentration values 
found in the urea-galactose experiment are far above the expected values 
and correspond in character with the data produced by the urea-salt 
experiment, the discrepancy between the found and calculated values 
being, however, considerably wider in the latter. It is thus evident that 
the economy of water found when urea and salts are excreted together 


3’ The quantities of galactose found in the urine showed this to be only a rough 
adjustment. As would be expected, the proportion of the intake excreted rose with 
increase in the amount ingested. For instance, the excretion: intake ratios for the 
successive periods of the sodium chloride-galactose experiment (fig. 4) were, begin- 
ning at the second period, 0.33, 0.54, 0.62, 0.63, and 0.69. 

* The composition of the diet in the final period of the galactose-urea experiment 
which provided 0.75 os-millimol urea and 1.25 os-millimol galactose per gram of food 
was as follows: 

As may be seen the limit of adjustment of the fat-carbohydrate factors is reached and 
a further addition of galactose would cause a decrease of the caloric value of the food 
and thereby raise the level of intake of the other factors in the basal diet. 
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is also found, although to a somewhat less extent, when the non-electrolyte 
galactose is excreted with urea. The concentration relationships found 
when both sodium chloride and galactose accompany urea are recorded 
in figure 6. 

The results of these experiments make it clear that, among the sub- 
stances studied, the water saving effect is referable only to urea. 

Glucose experiments. In these experiments, glucose excretion in the 
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urine was produced by subcutaneous injections of phloridzin. The plan 
of step-wise replacement of one substance by another offered obvious 
difficulties and was not attempted. Instead, three periods were used. In 
the first, with the animal on the basal diet, an injection of 2.0 cc. of a 
10 per cent emulsion of phloridzin in olive oil was given and the urine 
collected over a period of two days. It was found that this quantity of 
phloridzin gave a glucose concentration in the urine of between 0.5 M 
and 0.6 M, and that larger dosage did not dependably produce a higher 
concentration. The maximal effect of the drug was found to persist for 
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two or three days and then to decline rapidly. After an interval of eight 
to ten days, sodium chloride was added to the basal diet to the extent of 
2 os-millimols per gram and the urine collected over the last two days of 
a five-day period. This intake of salt produced an excretion which was 
roughly equivalent to the quantity of glucose excreted during the phloridzin 
period. Then, continuing the salt intake, the animal was again phloridzin- 
ized and a two-day collection of urine obtained. The same steps were 
followed in carrying out a glucose-urea experiment on another animal. It 
is evident that, in this procedure, the total quantity of substances con- 


veyed into the urine during the last period is approximately double the 
quantity excreted in each of the preceding periods. This, however, does 
not constitute a serious defect in the experimental plan. It should be 
remembered, as an essential premise of this study, that increments of 
materials to be excreted in the urine produce accurate adjustments of water 
intake with the result, for instance, that the concentration of sodium 
chloride found in the urine when 2 os-millimols of NaCl per gram of food 
are ingested is not appreciably altered by increasing the intake to 4 os- 
millimols per gram. 
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The results of a sodium chloride-glucose experiment are described by 
the diagrams in the left hand section of figure 7. The first column repre- 
sents the concentration of sodium chloride found in the urine when 2 os- 
millimols per gram were added to the basal diet, and the second column 
measures the glucose concentration when the animal was phloridzinized 
while receiving only the basal diet. The two columns marked F represent 
the sum of the concentrations found in two consecutive twenty-four-hour 
urine specimens, collected after phloridzinizing the animal while on the 
diet with added salt. The two columns marked C define expected values 
calculated from the concentrations found for sodium chloride and for 
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glucose in the first and second periods of the experiment respectively and 
the ratio of the quantities of the two substances excreted during the final 
period. As may be seen, the found and calculated values agree quite 
closely indicating that the individual water requirements for the removal 
of sodium chloride and of glucose in urine remain additive when they are 
excreted together. In other words, glucose when excreted with salt does 
not exert the water saving effect found for urea. 

In the right hand section of figure 7 the columns describe the results of 
an urea-glucose experiment. Here the found values for the sum of the 
concentrations of glucose and of urea in urine are extensively above the 
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values calculated on the basis of additive water requirements and thus 
indicate a considerable economy of water expenditure when glucose and 
urea are excreted together. 

Creatinine experiments. Since galactose and glucose are excreted in 
the urine only under unusual circumstances, it seemed desirable to in- 
vestigate the behavior of one of the non-electrolytes which are regularly 
present. These, excepting urea, are very small factors in the total con- 
centration of substances in the urine. Among them creatinine is quantita- 
tively the most prominent and was for this reason, and also because of its 
availability, selected for study. It was found that a high level of intake 


TABLE 2 


Data from two creatinine experiments 


DAILY EXCRETION IN CONCENTRATION DATA URINE, 
URINE OSMOLAR 
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could not be used; when the food contained more than 0.5 os-millimol of 
creatinine there was disturbance of gastro-intestinal function as evidenced 
by loose stools. The experiments were carried out in three periods of 
five days each, the measurements being obtained from urine collected 
over the last three days of each period. During the first period sodium 
chloride was added to the basal diet to the extent of 1 os-millimol per gram 
of food. In the next period one-half of the sodium chloride was replaced 
by creatinine and in the final period a smaller quantity of urea was 
substituted for its equivalence of sodium chloride, for a reason which will 
be presently apparent. The results obtained from two experiments are 
given in table 2. It may first be noted that the values found for the total 
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concentration of substances in the urine, as derived from measurements of 
A, deseribe a considerable rise when one-half of the sodium chloride added 
to the basal diet in the first period is replaced in the second by creatinine. 
This event suggests that creatinine exerts an effect on concentration similar 
to that found for urea. This inference is obstructed by the values found 
forurea. During the creatinine-sodium chloride period, the concentration 
of urea in the urine is double the value found in the sodium chloride period 
and the data for the excretion of the substances, per gram of ingested 
food, show a large increase of urea excretion.’ The increase in the total 
concentration of substances observed in the second period is therefore 
presumably caused, not by creatinine, but by the accompanying extension 
of the urea factor. In the third period of the experiment, it was under- 
taken to obtain approximately the (urea): (total substances) value found 
in the creatinine-sodium chloride period by replacing a small portion of 
the sodium chloride with urea. This attempt was roughly successful and, 
as may be seen in the table, a rise in the total concentration of substances 
in the urine is obtained which is even more extensive than the rise found 
in the creatinine-sodium chloride period. From these data it may be 
dependably concluded that creatinine does not exert the concentrating 
effect found for urea. The data also suggest that creatinine itself submits 
to the urea effect but to a less extent than does sodium chloride. 


SUMMARY AND CONCLUSIONS 


The water requirements for the removal in urine of a number of sub- 
stances were studied in a series of experiments with rats by placing rela- 
tively large amounts of the substances, singly and in mixtures, in the food 
and measuring their concentrations in the urine. It was found that the 
water requirements established for the individual substances remain addi- 
tive when mixtures of them enter the urine, except when urea is a com- 
ponent of the mixture. In the presence of urea, water expenditure was 
found to be much less than the sum of the requirements for urea and the 
accompanying substances as separately determined. 


5 From the data in table 2 it is evident that almost one-half of the ingested creati- 
nine fails to appear in the urine. The possibility that the increase in urea excretion 
derives from destruction of creatinine is therefore strongly suggested. From the 
data in the table it may be calculated that in the second period of the first experiment 
the increase of urea N in the urine is 5.2 mgm. per gram food eaten and that the 
deficit for creatinine N is 7.9 mgm. per gram food eaten. In the second experiment 
these values for urea N increase and creatinine N deficit are 7.8 mgm. and 10.6 mgm. 
respectively. It cannot be dependably inferred that the creatinine deficit in the 
urine is caused by a destruction of creatinine within the body because of the possi- 
bility of failure of complete absorption of the creatinine from the gastro-intestinal 
tract, and of an absorption of urea derived from creatinine by the action of intestinal 
bacteria. 
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These results describe an economy of water in the secretion of urine 
which, among the substances studied, is referable only to urea. The sub- 
stances normally present in urine which were examined in this respect, 
were the electrolytes Na, K, Cl, HCO;, H2.PO, and SO,, and the non- 
electrolytes urea and creatinine, and taken together they constitute about 
95 per cent of the total of materials presenting for excretion. A quantita- 
tively significant relationship of one or more of the relatively very small 
factors of urine composition, which were not investigated, to the water 
saving observed in these experiments is therefore improbable. It was 
also demonstrated that the non-electrolytes, galactose and glucose, which 
may under unusual circumstances enter the urine, do not exert the effect 
found for urea. 

An economical use of water is, for terrestrial animals, a conspicuous 
necessity. It is therefore an interesting instance of the fitness of biological 
substances that the largest ‘‘waste product” in urine incidentally performs 
an important service to the organism. An explanation of this effect by 
urea is not at hand. Presumably it should be sought in terms of various 


physical properties which urea exhibits to degrees which are almost 
unique. 
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The prevailing conceptions as to the mechanism of the so-called normal 
dextrose tolerance curve may be briefly summarized as follows: 

1. The administration of dextrose normally stimulates the pancreas to 
an increased secretion of insulin (1), (2), (3), (4), (5), (6), (7), (8). 

2. This increased amount of insulin in the circulation accourts for the 
normal dextrose tolerance curve by bringing into play increased storage 
and oxidation phenomena. 

3. The abnormal tolerance curve obtained in diabetes mellitus and in 
the depancreatized animal is due to the lack of pancreatic response to the 
administered sugar. 

4. The “diabetic” type of curve obtained in starvation is due to the lack 
of response from a normal pancreas Even after long fasting, however, a 
preliminary dose of sugar will render the subsequent tolerance curve more 
nearly normal. Hence the pancreas requires continual stimulation in 
order to be able to respond normally (1), (5), (9), (10). 

5. Since similar abnormal tolerance curves are also obtained on exclusive 
fat or protein diets, the “‘diabetic’”’ response in starvation is due to the lack 
of carbohydrate per se rather than to the lack of nutrition (9), (11), (12), 
(13). 

‘It occurred to us that one might test the fundamental basis of the above 
concepts by substituting a constant source of insulin for the pancreas, in 
the depancreatized dog. Such an animal while receiving, from a constant 
injection pump, a steady supply of insulin sufficient to maintain a constant 
blood sugar level (and being, to that extent, a normal animal) would not 
be able to mobilize an additional supply of insulin when sugar was 
administered. If, therefore, the response of the pancreas were a major 
factor in determining the normal tolerance curve, such animals should give 


1 Presented in preliminary form before the American Physiological Society, April, 
1933. 
2 Aided by the Max Pam Fund for Metabolic Research. 
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abnormal curves. Beginning with such experiments, we were led by our 
results to investigate the influence of the liver upon the dextrose tolerance 
curve. For this purpose we performed dextrose tolerance tests upon 
hepatectomized dogs which were receiving a constant glucose injection suf- 
ficient to maintain a constant blood sugar level. Finally, in an effort to 
clarify the meaning of our results, we performed dextrose tolerance tests 
on normal and depancreatized animals from which blood samples were 
taken simultaneously from the carotid artery and the femoral, portal and 
hepatic veins. 

I. Pancreas. Method. Depancreatized dogs were prepared in one of 
two ways. Certain of the experiments were performed on animals which 
had recovered from the operation, with well healed and non-infected 
wounds and which had been maintained on a meat—raw pancreas—sugar 
diet and insulin. These animals were trained to lie quietly on an animal 
board while the injections and blood sampling were done by means of 
venous puncture with hypodermic needles. Other experiments were per- 
formed on dogs anesthetized with Pento-Barbital Sodium (Abbott)—about 
25 mgm. per kgm. body weight intravenously. After being anesthetized 
these animals were depancreatized and the necessary blood vessels exposed 
and cannulated. The entire experiment was then performed on the anes- 
thetized animal, additional anesthesia being administered when necessary. 
The animal was sacrificed at the end of the experiment. In both types of 
preparation all food and insulin were withheld for 18 hours previous to 
the experiment. 

In most of this work the constant intravenous injections of insulin or 
insulin and dextrose required to maintain constant blood sugar levels were 
made with the apparatus previously described by one of us (S.8. (14)). In 
some.of the earlier experiments the oil-capillary method employed by Burn 
and Dale (15) was used. The necessary amounts of insulin and dextrose 
varied in different animals and ranged from y+, to ? unit insulin per kilo- 
gram body weight per hour and from +45 to 3? gram dextrose per kilogram 
body weight per hour. The smaller amounts of insulin and of dextroge 
were required by the anesthetized animals, while the larger amounts were 
necessary for the trained unanesthetized animals. The exact rates of in- 
jection required for each animal were determined by the method of trial 
and error in each case. We have evidence to show that, once established, 
constant blood sugar levels can be maintained for as long as 8 hours by 
continuing the same constant injections. Where no constant blood sugar 
level could be established, the experiment was interrupted or the results 
discarded. However, all experiments in which constant levels were ob- 
tained have been reported without selection on the basis of the results ob- 
tained. When a constant blood sugar level was obtained, it was observed 
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for at least 1 to 2 hours before the dextrose tolerance test was started, and 
the established rates of constant insulin and dextrose injection were very 
carefully maintained throughout the experiment. 

To avoid possible differences arising from varying rates of absorption 
from the gastro-intestinal tract, the dextrose tolerance tests were always 
performed by the intravenous route. Except where noted, 1.75 gram 
dextrose per kilogram body weight was used. ‘True blood sugar” values 
were determined by the Somogyi modification of the Shaffer-Hartmann 
method (16). 

Results. The results are graphically summarized in figures 1 to 8. 
The experiments are divided into groups according to the procedure fol- 
lowed. Each figure represents a different group. The shaded areas in 
the figures represent the spread of the highest and lowest blood sugar values 
obtained in all the experiments of the particular group. The heavy central 
lines represent mean values. 

Group 1 (control). Slightly modified 1: rmal dextrose tolerance curves 
were obtained in normal animals which had been anesthetized with Pento- 
Barbital Sodium and subjected to a control laparotomy within two hours 
previous to the test. The dextrose tolerance curve obtained in normal 
unanesthetized dogs is sufficiently well known and need not be described 
here. It may be seen that in this group the blood sugar levels have re- 
turned to or below the pre-test level within two hours. The rather high 
blood sugar values attained in the first 15 to 30 minutes of these tests may 
be partly accounted for by the anesthesia but are probably chiefly due to 
the fact that the glucose was administered intravenously. 

Group 2 (control). Typically “diabetic” dextrose tolerance curves were 
obtained in chronically depancreatized, unanesthetized dogs. 

Group 8 (control). Distinctly “diabetic” dextrose tolerance curves were 
obtained in anesthetized dogs from which the pancreas had been removed 
within two hours prior to the test. When these curves are compared with 
those of groups 1 and 2, it is evident that within two hours after the re- 
moval of the pancreas there is no store of available insulin in the tissues 
sufficient to appreciably influence the tolerance curves. 

Group4. Thesearethedextrose tolerance curves obtained in anesthetized 
and acutely depancreatized animalsin which we attempted to maintain a con- 
stant normal blood sugar level by the constant injection of insulin. It was 
almost impossible to determine the exact constant injection of insulin neces- 
sary in each experiment to keep the blood sugar at a constant level. It may 
be seen that in most of these experiments the blood sugar level was slowly 
declining before the test glucose was injected. In spite of this, however, 
most of the curves are “‘diabetic’”’ in character, although not so markedly 
so as those of group 3. But it should be noted that some of these tests 


Fig. 1. Control dextrose tolerance tests in anesthetized normal dogs. The arrow 
indicates the administration of the test dose of sugar. The shaded area represents 
the spread of the highest and lowest blood sugar values obtained in all of the experi- 
ments of this group. The heavy central line represents the mean values. The same 
conventions are observed in the remaining figures. 

Fig. 2. Control tests in chronically depancreatized dogs where no anesthesia was 
used. 

Fig. 3. Control tests in anesthetized, acutely depancreatized dogs. 

Fig. 4. Dextrose tolerance tests in anesthetized, acutely depancreatized dogs, 
receiving a constant injection of insulin. 

Fig. 5. Representative tolerance test in an anesthetized, acutely depancreatized 
dog, receiving a constant injection of insulin, and previously given } of the test dose 
of sugar. 

Fig. 6. Representative experiment in an anesthetized, acutely depancreatized dog, 
receiving a constant injection of insulin, and to which three successive small doses of 
dextrose were given. 

Fig. 7. Dextrose tolerance tests in chronically depancreatized dogs, where no 
anesthesia was used, and which were receiving a constant injection of insulin plus 
dextrose. 

Fig. 8. Dextrose tolerance tests in anesthetized, acutely depancreatized dogs, 
receiving a constant injection of insulin plus dextrose. 

Fig. 9. Dextrose tolerance tests in unanesthetized, hepatectomized dogs, receiv- 
ing a constant injection of dextrose. 
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closely approached the normal. All these animals, like those in the previous 
groups, were fasted for 18 hours prior to their tests. 

Groups 5 and 6. The corresponding figures illustrate representative 
experiments from these groups, which show the influence of previous dex- 
trose administration on a subsequent dextrose tolerance curve. This ad- 
justment in metabolic response, which is ordinarily attributed to the activity 
of the pancreas, is seen to occur in anesthetized and acutely depancreatized 
dogs, receiving a constant injection of 1/175 unit insulin throughout the 
experiment. 

In the group 5 experiment, the administration of } of the test dose of 
dextrose four hours prior to the test resulted in a subsequent dextrose tol- 
erance curve which is essentially normal. It may be seen that the toler- 
ance curve proper is very little higher than that previously resulting from 
+ of the amount of sugar used, and that it stands in marked contrast to 
most of the curves obtained in group 4. 

In the group 6 experiment, 3 successive doses of } of the amount of sugar 
ordinarily used, result in successively better tolerance curves. 

Groups 7 and 8. In view of the above results, the dextrose tolerance 
tests in these groups were performed on chronically depancreatized (group 
7) and anesthetized acutely depancreatized animals (group 8) in which a 
constant blood sugar level was maintained by simultaneous constant in- 
jections of both insulin and dextrose. Much less difficulty was experienced 
in obtaining constant blood sugar levels under these conditions, than by the 
injection of insulin alone. Most of the tolerance tests yielded normal 
curves, and in two cases (in group 7) the blood sugar values, 23 hours after 
the sugar was administered, were well below the pre-test levels. 

Comment. The fact that normal reactions to administered dextrose have 
been obtained in totally depancreatized animals, under our experimental 
conditions, is incompatible with the prevailing views of the dextrose toler- 
ance mechanism as outlined above. This vitiates the importance of the 
hypothesis of Zunz and La Barre (17, 18) to the effect that hyperglycemia 
stimulates the secretion of insulin from the pancreas by acting upon a centre 
in the thalamic region of the central nervous system; the stimulation being 
transmitted through the parasympathetic system. Our results are more in 
accord with the work of Quigley, Hallaran, and Barnes (19), of Gayet and 
Guillaumie (20), and of Houssay et al. (21), which shows that the blood sugar 
level can be efficiently regulated in animals in which the pancreas has been 
freed from central vagus control and in animals which possess only pancreas 
grafts. Our results are also contrary to the hypothesis of Sweeney (9), 
who has postulated an intermediate hormone which is secreted during 
hyperglycemia and acts upon the pancreas to stimulate the production of 
insulin. 

The data here presented are not incompatible with the recent hypothesis 
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of Himsworth (22), who believes that hyperglycemia is followed by the 
liberation from the liver of “insulin kinase’? which then activates the 
previously inert insulin which has already been secreted into the blood 
stream. Our data might also be reconciled with the suggestion of Camp- 
bell and Macleod (24), based on the work of Allan (25), namely, that insulin 
may act according to the laws governing enzyme action. From this point 
of view, the characteristic normal tolerance curve might be explained as 
being due to the increased activity of the insulin already present in the 
circulation upon the greater amount of substrate which appears. These 
hypotheses, however, are not acceptable in the light of other work. The 
remarkable work of Houssay and his co-workers (26), in the last several 
years, has extended our knowledge @oncerning the important influence of 
the hypophysis upon carbohydrate metabolism. Stimulated by their 
results, we have been able to obtain normal dextrose tolerance curves in 
completely hypophysectomized-depancreatized dogs, which have received 
no insulin for weeks. These results, which are reported in a subsequent 
paper (27), confirm the results and conclusions presented here, and further- 
more, remove the necessity of accounting for the normal dextrose tolerance 
curve by the assumption of an insulin activating mechanism, or an in- 
creased glucose equivalence of this hormone. 

II. Liver. Since it was evident that the pancreas is not essential to the 
metabolic reactions which determine the normal dextrose tolerance curve, 
it became of interest to investigate the réle of the liver. There are many 
theoretical and experimental considerations which point to the latter organ 
as a major factor in this regard. The influence on carbohydrate me- 
tabolism of experimentally induced hepatic changes has recently been re- 
ported by Althausen and Theones (28). 

Method. Dextrose tolerance tests were performed, as described above, 
in hepatectomized dogs which were receiving a constant injection of dex- 
trose sufficient to maintain the blood sugar level at a constant height. 
Hepatectomies were performed by the method of Markowitz and Soskin 
(29, 30). The rate of dextrose injection usually required to maintain the 
blood sugar of these animals at a constant level was } gram per kilogram 
body weight per hour, as previously determined by Mann and Magath (31). 

In another series of animals, constant injections were not made, but dex- 
trose tolerance tests were performed in both normal and depancreatized 
dogs, under Pento-Barbital Sodium anesthesia, during which blood samples 


3 It must be pointed out that Himsworth’s conclusions are chiefly based upon 
curves of arterio-venous blood sugar difference obtained in patients. We are doubt- 
ful of the validity of these conclusions since in a more recent communication (23) we 
have shown that ‘‘the arterio-venous blood sugar difference cannot be used as a 
quantitative estimate of sugar utilization by the muscles, unless it is corrected for 
rate of bloodflow and hydration of the blood, and is determined at frequent intervals.”’ 
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were taken simultaneously from the carotid artery and the femoral, portal 
and hepatic veins. The carotid artery and femoral vein were cannulated. 
Blood was obtained from the portal and hepatic veins through an abdom- 
inal incision by means of a hypodermic needle and syringe. The hepatic 
vein was approached between the liver lobes. 

Results. The results are graphically summarized in figures 9 and 10. 
Figure 10, in which blood sugar differences are plotted, is accompanied 
by table 1 which details the actual blood sugar values in this group. 

Group 9. These liverless animals, though the pancreas was intact, 
yielded uniformly and markedly ‘“‘diabetie’’ tolerance curves. ‘This oc- 
curred in spite of the fact that the blood sugar levels were declining in some 
eases before the test, a condition which would tend to render the curves 
more nearly normal. 


DEPANCRE ATIZED 


BLOOD GLUCOSE 


MINUTES 
~---— FEMORAL VEIN ~-—— PORTAL VEIN —— HEPATIC VEIN 
Fig. 10. Four-sample experiments in anesthetized normal, and anesthetized, 
acutely depancreatized dogs. For purposes of comparison, and in order that the 
large range of blood sugar variation may not obscure the smaller blood sugar differ- 
ences, the blood sugar values in the hepatic, portal and femoral veins are plotted as 
+ or — differences from the arterial blood sugar level. Arrows indicate the adminis- 


tration of dextrose. (The actual blood sugar values for these tests are given in 
table 1.) 


Group 10 (table 1). A comparison of the results obtained from such ‘‘4- 
sample’’ tests in normal and depancreatized dogs, shows that, while in the 
normal animal the hepatic vein blood sugar level falls below that of the 
arterial blood within about half an hour after the administration of dex- 
trose, the diabetic animal maintains its higher hepatic vein level until the 
end of the test. It should be noted that, in the normal animal (ef. table 1), 
when the carotid artery value has fallen to its original level, the hepatic 
vein value is still below both the carotid artery level and its own pre-test 
level. Although storage of a portion of the administered sugar by the 
normal liver may account for some of this difference, it is apparent that the 
normal liver differs from the diabetic in that the former reacts to an in- 
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creased sugar supply by a relatively prompt diminution in the amount of 
sugar which it has been supplying to the blood from its own resources. 

Comment. It is apparent that the presence of the normal liver is essen- 
tial to the normal dextrose tolerance curve and that, when the liver is 
absent, the intact pancreas and musculature, etc., are unable to produce 
a normal response. 

These results cannot be reconciled with the prevalent idea that the stor- 
age and utilization of carbohydrate are the chief or only factors concerned 
in the normal dextrose tolerance curve. It has previously been shown that 
the liver is the sole source of blood sugar in the fasting organism (32, 33). 
The blood sugar level in this condition therefore represents a balance be- 
tween the sugar leaving the blood on the one hand and the sugar entering 
the blood from the liver on the other hand. The fact that a more or less 


TABLE 1 


Group 10 (Four-sample experiments) 


| BLOOD SUGAR LEVEL 


DESCRIPTION SOURCE OF BLOOD Minutes before test Minutes after test 


30 § 30 60 


Carotid artery 173 


Femoral vein : 174 
Portal vein . 313 | 179 
Hepatic vein K 181 


Carotid artery j 3 | 370 298 
Femoral vein 381 293 
Portal vein 3 | 360 283 
Hepatic vein K 398 | : 391 


Depancreatized. . 


constant blood sugar level is usually maintained in the fasting state indi- 
cates that these processes ordinarily continue at relatively constant and 
mutually inter-dependent rates. It is obvious that when the blood sugar 
level falls it may be due either to an increased loss of sugar from the blood 
into the tissues or to a decreased entry of sugar into the blood from the liver, 
orto both. Our results indicate that a decreased output of sugar from the 
liver is an important factor though not necessarily the only factor in deter- 
mining the characteristic fall of the blood sugar curve after the admin- 
istration of dextrose. 

SUMMARY AND DISCUSSION. Our results show that: 

1. There is no appreciable store of insulin in the tissues, by which the 
dextrose tolerance test may be affected, once the pancreas is removed. 

2. The influence of previous sugar administration on a subsequent dex- 
trose tolerance curve can be demonstrated in the absence of the pancreas 


| 90 | 120 

| | 130 | 97| 81 

| 113 | 95 | 79 

109 | 81 | 63 

113 84 69 

285 

280 

251 

284 
i 


ROLE OF PANCREAS AND LIVER IN DEXTROSE TOLERANCE 163 


This is contrary to the general belief that this effect is due to an increased 
responsiveness on the part of this organ. 

3. The supply of sugar available to the organism is an important factor in 
establishing a constant blood sugar level by the constant intravenous in- 
jection of insulin in depancreatized dogs. 

4. Providing that there is sufficient circulating insulin to keep the blood 
sugar level constant under the conditions described above, normal dextrose 
tolerance curves can be obtained in depancreatized dogs. This is contrary 
to the hypothesis that the normal curve is determined by a secretion of in- 
sulin from the pancreas in response to the incoming sugar. 

5. The normal liver is a major factor in determining the normal dextrose 
tolerance test. 

6. In the presence of a sufficiency of insulin, but not necessarily an extra 
secretion from the pancreas, the normal liver, as one of its responses to ad- 
ministered dextrose, decreases the output of blood sugar, which it has been 
supplying from its own resources. 

Since, from the foregoing, it is unnecessary to assume a mobilization of 
insulin from the pancreas in order to account for the normal dextrose toler- 
ance curve, the occurrence of the normal tolerance curve cannot hence- 
forth be used as presumptive evidence that such a mechanism exists. 

Our results yield a rational explanation for the “diabetic’’ type of 
tolerance curve and the associated low respiratory quotient obtained in 
starvation, and during a dietary regimen of protein and fat, despite the 
presence of a normal pancreas. It is obvious that, although the liver is a 
major factor in determining the dextrose tolerance curve, it can respond 
normally to sugar administration only when under the influence of a suitable 
endocrine balance. This balance, for the sake of simplicity, may be sup- 
posed to consist of the opposing influences of the hormones of the pancreas 
and the hypophysis.* When these glands are exerting their normal and 
proportionate influences upon the liver, a blood sugar level slightly above 
the range which we consider normal is an adequate stimulus to the liver 
for a readjustment of the blood sugar towards the normal range. Under 
these conditions, a sudden influx of exogenous sugar produces a reaction 
which we recognize as the normal dextrose tolerance curve. When the en- 
docrine relationships are disturbed, the blood sugar level may far exceed 
the normal range before it becomes an adequate stimulus for liver read- 
justment. In the experimental diabetic animal this endocrine balance is 
upset and excessive gluconeogenesis results from removal of the pancreas 
(34). In the human diabetic the same consequences may ensue from either 
a disability of the islands of Langerhans or an excessive activity on the 


4 We do not wish, at this time, to enter into a discussion of the inter-relationships 
of this gland with the thyroid and adrenal glands, etc., which undoubtedly play a part 
in this phenomenon. 
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part of the hypophysis, ete. An increased gluconeogenesis must also occur 
(providing no a priori assumption of a decreased utilization of sugar is 
made) in the fasting state and during a diet composed solely of protein and 
fat, in order that the normal blood sugar level be maintained. Under 
these conditiogs, however, the normal endocrine balance still exists. Hence, 
while repeated sugar administration in the diabetic organism yields re- 
peated diabetic responses, successive dextrose tolerance tests in starvation 
and similar conditions, produce successively more normal tolerance curves, 
as the liver (after a comparatively short lag) responds with a decreasing 
production and outpouring of sugar into the blood. The relation of the 
excessive gluconeogenesis to the low respiratory quotient, and the coinci- 
dental decrease of gluconeogenesis with an increasing respiratory quotient 
has been discussed by one of us (S8.8.) in a previous communication (34). 


CONCLUSIONS 


The pancreas is not essential to the metabolic reactions which determine 
the normal dextrose tolerance curve. The presence of the normal liver is 
essential. The theoretical implications of these results are discussed. 


We wish to express our appreciation for the technical assistance of Mr. 
Fred E. Overthun and Miss Bernice Huddlestun. 
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It is generally accepted that the pressure in any vein is the result of two 
factors: the residuum of the head of pressure created by the heart beat, 
and the influence of gravity. It is also stated that the latter is determined 
by the height of the column of blood that is present between the point 
measured and the entrance into the right auricle. 

As measurements of venous pressure taken in the feet of standing human 
subjects are at variance with this statement a study was made of the venous 
pressure in dogs in the horizontal and two vertical (head-up, head-down) 
positions. In the initial experiment it was found that the venous pressure- 
change in the hind foot, on going from the horizontal to the vertical head- 
up position, was 322 mm. while the hydrostatic column from foot cannula 
to heart was 445 mm. This indicated, at once, that the heart is not the 
reference point from which the hydrostatic factor in venous pressure is 
measured, a conclusion which was confirmed by subsequent experiments. 
In a dead animal the venous system was found to act as an unbroken column 
from head to tail with the hydrostatic reference point, which will be referred 
to as R.P., approximately in the middle of the animal, both in the horizon- 
tal and vertical positions. In the living animal the venous system is 
broken at the heart and must be considered as two columns, each with its 
own reference point. Each of these points was found to be located a short 
distance from the heart. 

Theoretically, the heart could only be the reference point if the veins 
closely approximate rigid tubes. Since they have a certain degree of elas- 
ticity, which varies with the internal pressure, the reference point may be 
anywhere in the venous system, depending on the relative elasticity of its 
different parts. It is therefore theoretically indeterminate and cannot be 
located except by direct measurement. 

In a rigid container, open to the atmosphere (fig. 1a) the pressure at the 
bottom, p, equals the pressure at the top of the liquid (atmospheric pres- 
sure) plus the pressure of the column of fluid h.! In such a system hydro- 

1 The pressure of the column of liquid is dgh, where h is the height of the column, 


d, the density of the liquid, and g the acceleration of gravity, but to simplify the 
equations h will be used throughout. 
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static pressures, in excess of atmospheric, are measured from the top of the 
liquid. 

In an elastic tube system filled with liquid, for which we may take as a 
model a rigid tube with an elastic membrane stretched across each end, 
the position of R.P., the hydrostatic reference point, may be anywhere in 
the tube, depending on the relative elasticities of the membranes at the two 
ends. If these membranes are the same size and elasticity R.P. will be 
approximately in the middle of the tube, as in figure 1b. If the liquid in 
the tube is under no pressure except hydrostatic pressure, and a rigid open- 
end manometer is introduced at the bottom, fluid will rise in this mano- 
meter to a height h, and the top of the fluid in the manometer will measure 
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Fig. 1. Position of hydrostatic reference point in rigid and elastic tube systems 
the position of R.P. in the elastic tube system, which in this case is also 
the level of atmospheric pressure in the system, and p, the pressure at the 
point where the manometer is introduced, is equal to atmospheric pressure 
plus hz. 

If the membrane at the bottom is more rigid than that at the top R.P. 
will move toward the top of the tube. In such a system, where R.P. is 
two-thirds way up a tube 30 cm. long (fig. 1c) fluid in the manometers intro- 
duced at 1, 2, 3, 4 will all stand opposite R.P., the hydrostatic reference 
point. The pressure at any point in this elastic tube system is equal to 
atmospheric pressure plus or minus the hydrostatic pressure measured to 


THE AMERICAN JOURNAL OF PHYSIOLOGY, VOL. 109, No. 1 


( Ls) (c) 
(Q) WH 
hey 4 
| 
hy 4 “4 4 'h 
| 
y 
| ihe %e 
v SLE 
HHH 
HHH 
| | hs 
| 


168 J. H. CLARK, D. R. HOOKER AND L. H. WEED 


R.P. (p; = atmospheric pressure + h; = atmospheric pressure + 5, and 
ps = atmospheric pressure — h, = atmospheric pressure — 5). However 
the difference between the pressures at any two points is equal to the hydro- 
static pressure of the whole column of liquid between the two points. For 
instance, p; — py = atmospheric pressure + 5 — (atmospheric pressure 
— 5) = 10. 

In figure 1 (a, b, and c) there is no pressure in the system except hydro- 
static pressure but in the veins there is a positive pressure, even in the dead 
animal, due to the contracted state of the blood vessels. In constructing 
a model analogous to the venous system in an animal one must consider the 
elastic tube system filled with fluid at a positive pressure. Take the same 
tube, 30 em. long, lying horizontal and filled with liquid under a positive 
pressure (i.e., greater than atmospheric) equal to 5 cm. of water, so that 
the membranes at the ends bulge. If manometers are introduced at vari- 
ous points in this tube the fluid in all of them will stand at a point 5 cm. 
above the middle of the tube (fig. 1d). If this tube is then put in a vertical 
position, the fluid in all the manometers will stand at a point 5 em. above 
R.P., the reference point for hydrostatic pressure measurement in the 
tube, and p; = atmospheric pressure + 5 (existing positive pressure) + h; 
(hydrostatic pressure) (fig. le). In this system the level of atmospheric 
pressure in the elastic tube system lies at the level given by the top of the 
fluid in the manometers but the reference point for the hydrostatic factor is 
below this level by an amount equal to the existing positive pressure. 

This physical system (fig. 1d and e) has been found to be analogous to 
the venous system in the dog. In the dead animal the fluid in all the mano- 
meters comes to rest at the same level, indicating that the existing positive 
pressure is the same throughout the system. In the living animal the exist- 
ing positive pressure is different at every point and the blood is in motion, 
but each point can be treated hydrostatically, according to the models 
given in figure 1 (d and e) to determine the reference point. In both living 
and dead animals R.P. is found by subtracting the existing positive pres- 
sure, as determined in the horizontal position, from the level of the mano- 
meters in the vertical position. 

Meruop. Dogs, anesthetized with ether by connection of trachea to 
Woulffe bottle or by intratracheal blast, were firmly attached to a tilting 
table, after exposure of selected veins for cannulation. Glass cannulas 
were then inserted into superficial or deep veins, and were next attached 
by rubber tubing to a manometer-reservoir system, filled with 4 per cent 
sodium citrate solution and arranged with three-way stopcock so that 
the citrate solution could be run into a 1 mm. open-end manometer and 
thence into vein. This overflow method, with introduction of minimal 
amounts of fluid, allowed determination of the venous pressure at the level 
at which the fluid came to rest. 
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The connections of cannulas with the manometer-reservoir system were 
arranged so that the animal could be tilted from the horizontal to the 
two vertical positions (head-down, head-up). Furthermore the manome- 
ters were of such length (about 1.6 m.) as to permit readings of venous 
pressure in all positions of the animal. 

In a few experiments, a cannula of 16 cm. length was inserted various 
distances toward the right auricle through the external jugular vein. In 
still other animals temporary ligations of the abdominal aorta just cardiac 
to the bifurcation were made, while in another group with artificial respira- 
tion the chest was opened for temporary ligation of one or both venae cavae. 

The customary experimental procedure consisted in the initial determina- 
tion of the pressures of the selected veins in the horizontal position of the 
animal and subsequent tilting of the animal to the two vertical positions 
with recording of the altered venous pressures. After these steps were 
taken, special procedures were undertaken, and on death of the animal the 
venous pressure readings were repeated both in the horizontal and vertical 
positions. 

Results (dead animal). Before taking up the live animal it is well to 
consider the results of observations in the dead animal, which was found 
to be a simpler system than the living and similar to the models given in 
figure 1 (dande). In the dead animal there is an existing positive pressure 
in the horizontal position which, when corrected for the hydrostatic posi- 
tions of the various cannulas, was found to be the same throughout. The 
venous system was observed to act as an unbroken column from head to 
tail and, as the elasticity of the system is approximately the same at the two 
ends, one would expect to find the hydrostatic reference point near the 
middle of the animal. 

The results can be given most clearly by considering the findings on one 
animal in detail. In this animal (dog D) cannulas were introduced into a 
superficial vein of the hind foot, into a branch of the femoral and into the 
external jugular. The jugular cannula was a fine brass tube which could 
be pushed down toward the heart so that readings were taken at different 
levels (C,, C2, C3). In the horizontal position the fluid in all the mano- 
meters stood at the same level, 105 mm. above R.P., the hydrostatic refer- 
ence point, which was taken as the middle of the animal in the horizontal 
position. Therefore the existing positive pressure in the venous system 
was equal to 105 mm. of citrate. The foot vein cannula stood 20 mm. below 
R.P. so that the measured pressure in the foot vein (125 mm.) was made 
up of 105 mm. existing positive pressure and 20 mm. hydrostatic pressure. 
Similarly in the femoral the total pressure = 120 mm., the existing pressure 


2 The results were worked out assuming different points for R.P. in the horizontal 
animal and the midpoint was found to give a correct value for the existing pressure 
when the results were subsequently applied to readings in the vertical positions. 
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= 105 mm. and the hydrostatic pressure = 15mm. In the jugular, where 
the total pressure was found to be 92 mm. and the existing pressure = 105 
mm., the hydrostatic pressure was — 13 mm. of citrate. 

When the animal was tilted into the two vertical positions (head-up and 
head-down) the fluid in the manometers stood as shown in figure 2. In 
the head-up position (fig. 2a) fluid in the jugular manometer in position 
C;, the femoral manometer B, and the foot vein manometer A, came to 
equilibrium at the same level (555 on scale) and therefore these manometers 
were recording correctly the pressure in the same fluid system. As the 
existing positive pressure is 105 mm., R.P., the level from which the hydro- 


DEAD ANIMAL 
a b 


Fig. 2. Results obtained in dog D (dead) in vertical head-up and head-down 
positions. 


static factor is measured is 555—105 = 450 on the seale. This point is 
450 mm. from the toes, 340 mm. from the head and 65 mm. caudal to the 
right auricle. 

In this head-up position the readings noted for the jugular manometer in 
positions C, and C2 were obviously incorrect and must be neglected. If cor- 
rect readings were obtained the level would be 555 as in the other manom- 
eters and the difference in pressure B — C; and B — C; would be equal to the 
hydrostatic columns between these points. The recorded pressure in the 
femoral manometer, B, is 555 — 280 = 275 mm. of citrate. At C; the 
recorded pressure is 10 mm. and the difference in pressure (B — C)) is there- 
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fore 265 mm. whereas the hydrostatic column between these two points is 
690 — 280 = 410 mm. Similar calculations can be made for C2. Ap- 
parently a cannula inserted into an exposed vein will not register negative 
pressures correctly, owing, presumably, to collapse of the wall when ex- 
posed directly to the atmosphere. This is an important point in regard to 
subsequent interpretation of measurements made in the living animal. 

In figure 2b (head-down), on the same basis of reasoning, the foot mano- 
meter must be neglected owing to collapse of the foot vein in this position 
but the femoral and jugular, C;, both register correctly as fluid stands at 
the same level in both. The hydrostatic reference point is found by sub- 
tracting the existing positive pressure from this level or R.P.= 465 — 105 
= 360 mm. on the scale. This point is 360 mm. from the head, 430 mm. 
from the toes, and 85 mm. caudal to the heart. The fact that two mano- 
meters on different sides of the heart register at the same level shows that 
one is dealing with an unbroken column from head to toe. The reference 
point should be the same on the two tilts so the average gives R.P. = 75 
mm. from the heart. 

Similar measurements made on 5 dead animals, all the same size and 

sewed on the tilt-table in approximately the same position, give very con- 
sistent results for the position of R.P. The animals had an average over- 
all length on the tilt-table of 820 mm., an average spinal length of 500 mm., 
and an average length from head to heart equal to 300 mm. Readings 
made with hind foot, femoral and jugular cannulas gave an average value 
for the position of R.P. 82 mm. caudal to the heart, the results on individ- 
ual animals being respectively 85, 80, 80,75 and 90mm. This point was 
0.54 of the distance from hind foot to nose for animals stretched out upon a 
tilting board in the position used in these experiments. 
_ Results (living animals). In the living animal there are many possible 
complications. When the blood is flowing there is a velocity pressure in 
addition to the existing positive pressure and the hydrostatic factor. This 
velocity pressure was proved to be a negligible factor by the following ex- 
periment. After taking readings in the superficial vein of the hind foot in 
the horizontal, head-up and head-down positions, the abdominal aorta 
was ligated just central to the bifurcation into the two common iliacs. 
There was no blood flow in the hind leg and the horizoutal venous pressure 
fell from 115 mm. to 82 mm. However, the venous pressure-change on 
tilting from the horizontal to the head-up position was the same, being 
respectively + 267 mm. in the intact animal and + 270 mm. after ligation 
of the abdominal aorta. 

In the dead animal the initial positive pressure would not be expected to 
change on tilting and, although it falls slowly for some time after death, 
it soon reaches a relatively steady point. Therefore the value to be sub- 
tracted from the manometer readings to give R.P. would not vary in going 
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from the horizontal to the vertical position. In the live animal the initial 
positive pressure, which is due to the contraction of the blood vessels and 
to the residuum of pressure from the heart beat, might vary greatly with 
posture as the result of vasomotor reflexes affecting the arterioles and capil- 
lary bed. If there were any great difference in the initial positive pressure 
on tilting it would be impossible to tell what value to subtract from the 
manometer readings and R.P. would be indeterminate. However two 
experiments made to test the effect of nervous control on the initial pres- 
sure showed that there was no significant difference in the change of venous 
pressure on tilting when the cord was tied at the third thoracic or completely 
destroyed. Animal 5 was laminectomized, cannulas were put in the hind 
leg vein and a superficial facial vein and venous pressure-changes on tilting 
were taken with the animal intact and after ligation of the cord at the 3rd 
thoracic. Animal 10 was laminectomized in the lumbar region, a wire 


TABLE 1 


HEAD UP HEAD DOWN 
HORIZONTAL 


PRESSURE Venous Pressure Venous Pressure 
pressure change pressure change 


mm. mm. mm. 


Facial ‘| Intact 335 +265 
Cord ligated 315 +267 


Intact 475 +299 


Bind foot, 4 Cord ligated 452 | +290 


‘ {| Intact 430 +324 
Hind foot \ Cord destroyed 423 +321 


instrument was passed up the spinal cord destroying it to the middle of the 
cervical region, and both vagi were cut. Readings of venous pressure- 
change in the foot vein, before and after the cord was destroyed, showed 
no significant difference. (See table 1.) 

It is clear from these observations that in the live animal the venous 
pressure-change on tilting is due only to a change in the hydrostatic factor 
and R.P. therefore may be found as in the dead animal. However in the 
dead animal the venous system acts as an unbroken column and in the live 
animal the column is interrupted at the heart. This is evident from the 
following experiment. With a cannula in the foot vein the pressure-change 
on tilting was not affected materially by ligating the superior vena cava 
cardiac to the azygos. And, similarly, with a cannula in the jugular there 
was no significant difference in the venous pressure-change on tilting when 
the inferior vena cava was ligated (with the azygos tied off). As ligation of 
these great veins close to the heart does not affect the pressure-change on 
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tilting the column must already be interrupted at the heart. Another 
point which shows that the live animal differs from the dead animal (fig. 2b 
and fig. 3b) is the fact that the venous pressure in the jugular (head-down) 
was 212 mm. in the animal when alive and 355 mm. after death. In the 
live animal the hydrostatic pressure is obviously measured from near the 
heart and in the dead animal from near the midpoint. It was at first con- 
fusing to find that the venous pressure-change in the foot vein on tilting was 
almost the same before and after death. This similarity of pressure- 
change was found to be due to the fact that in the dead dog the reference 


ANESTHETIZED ANIMAL 
a b 


Fig. 3. Results obtained in dog D (anesthetized) in vertical head-up and head- 
down positions. 


point is near the middle of the animal and in the live dog it is 0.8 way from 
hind foot to heart: these two points practically coincide. 

The live animal must, therefore, be considered in two sections. On 
anatomical grounds one would expect the elasticity at the two ends (heart 
and extremities) to be different and the reference point should be nearer 
the heart in both sections. The hydrostatic reference points can be deter- 
mined just as in the dead animal but as the existing positive pressure is 
different at each cannula the fluid in the manometer will not stand at the 
same level. The results may be analyzed in dog D again. In the live dog, 
in the horizontal position, manometer A (foot vein) registered a total pres- 
sure of 155 mm., which was made up of 20 mm. hydrostatic pressure (as 
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in dog D dead) and 135 mm. existing pressure. The femoral manometer 
B gave total pressure 128 mm., hydrostatic 15 mm. and existing pressure 
113mm. The jugular manometer C gave 70 mm. total, of which —13 mm. 
was hydrostatic and 83 mm. existing pressure. In figure 3 the levels of the 
manometers are shown in the head-up and head-down positions. When the 
initial pressures are subtracted to give R.P. in the head-up position (fig. 3a) 
the femoral manometer gives 543 — 113 = 430 on the scale and the foot 
manometer gives 572 — 135 = 437. Therefore the average locates R.P. 
at 433 on the scale which is a point 82 mm. caudal to the heart. In the 


TABLE 2 


DISTANCE DISTANCE R.P, TO HEART 
OVERALL SPINAL VERTICAL 
LENGTH LENGTH POSITION VEROUS 


Tailend | Headend 


Hind foot 
Hind foot 
Hind foot 
Foot, fem., renal 
Foot, brachial 
Brachial 

Head down | Brachial, facial 

Head up Foot 

Head up Foot 

Head up Foot 

Head up, 


Head down 
Head up 
Head down 
Head up 
Head down 
Head up 
Head down 
Head up 


Foot, fem. 
Foot, fem. 
Jugular 
Foot 
Jugular 
Foot 
Jugular 
Fem. 


121 38 


head-down position there is only the jugular cannula which gives 322 — 
82 = 240 on the scale as the position of R.P. which is 35 mm. cephalic to 
the heart. 

The live animal therefore has two hydrostatic reference points and aver- 
ages from all the animals used (table 2) gives one 121 mm. caudal to the 
heart for the column from tail to heart, and one 38 mm. cephalic to the 
heart for the column from head to heart. With the animals stretched on 
the tilting board these points were about 0.8 of the distance to the heart 
in each column. 


mm. mm. mm, mm. mm. 
475 98 
485 149 
845 504 280 148 
897 280 121 
860 360 95 55 
830 370 34 
56 
830 305 130 
803 475 285 110 
830 555 270 96 
850 550 300 
149 
790 290 82 
35 
810 445 265 160 
31 
820 295 92 
20 
920 275 148 
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Fig. 4. Change in venous pressure on tilting from horizontal to vertical (head-up 
and head-down) positions plotted against change in hydrostatic column calculated 
to the average reference point (a) dead animal, (b) live animal. tail end. (c) live 
animal, head end. 
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In the live animal ligation of the superior or inferior vena cava does not 
affect the venous pressure-change on tilting as the column of blood is 
already interrupted at the heart. In the dead animal ligation at the heart 
breaks the continuous column from head to tail and gives two reference 
points, located as in the live animal, instead of one. This point can be 
illustrated by the results found in one very complete experiment. In this 
animal, when alive, the reference point in the tail end was 92 mm. from the 
heart and was not affected significantly by ligation of the inferior vena 
cava. In the head end the distance of the reference point to the heart was 
20 mm. before and 32 mm. after ligation of the inferior vena cava. In the 
dead.animal R.P. was approximately in the middle of the animal, 90 mm. 
from the heart, whether measured by hind foot or jugular manometer. On 
ligation of the superior or inferior vena cava, however, the dead animal gave 
results similar to the live animal with two reference points, one in the tail 
end 90 mm. from the heart, and one in the head end 32 mm. from the heart. 

One of the most interesting verifications of the conclusion, in regard to 
the position of R.P. in the head end of the live dog, is the fact that, with a 
cannula in the brachial vein at heart level, there is a fall of venous pressure 
in the head-down and a rise in the head-up position. 

In figure 4a the venous pressure-changes in the dead dog on tilting (hori- 
zontal to head-up and horizontal to head-down) are plotted against the 
changes in hydrostatic column using the average position of R.P. (82 mm. 
caudal to the heart) as reference point. The readings for the jugular head- 
up and for the foot vein head-down are omitted as these were shown (fig. 1) 
to record incorrectly. 

In figure 4b the same is done for the tail end of the live dog using as R.P. 
a point 120 mm. from the heart. The results for the head end of the live 
dog, taking an average R.P. 38 mm. from the heart, are given in figure 4c. 
These figures show that the change in venous pressure with change in pos- 
ture is given by the hydrostatic column measured to the reference points 
determined by this investigation. 

It was thought at first that the position of the reference point was de- 
termined by a certain fraction of the total column from tail to head in the 
dead animal and by a certain fraction of the column to the heart in a live 
animal. This point of view was tested and found incorrect by determining 
the position of R.P. in an animal extended to an overall length of 920 mm. 
and shortened, by flexing the legs, to a length of 715mm. Measurements 
made with a cannula in the femoral vein, with the animal living and dead, 
gave the following results. R.P. (living animal, tail to heart column): = 
148 mm. from the heart (0.77 of the column) in the extended animal and 
also = 148 mm. (0.65 of the column) in the shortened animal. R.P. (dead 
animal) = 115 mm. caudal to the heart (0.57 of total column head to tail) 
in the extended animal and = 110 mm. from the heart in the shortened 
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animal. This seemed to prove conclusively that R.P. lies at a definite 
point in the animal irrespective of its overall length and should be desig- 
nated by the distance from the heart, not by the fraction of the column. 

There was very little variation in the position of R.P. in the dead animal 
but in living animals (table 2), of approximately the same size, the reference 
point in the tail end varied from 82 to 160 mm. from the heart. This 
seems to be related to a difference in the existing positive pressure as four 
animals with existing positive pressure in the foot vein of 90 mm. of citrate 
gave an average R.P. 95 mm. from the heart while four with an average 
existing pressure in the foot of 145 mm. of citrate gave an average R.P. 
145 mm. from the heart. As the elasticity of a vein varies with the inter- 
nal pressure of the fluid in it and as the position of R.P. depends on the rela- 
tive elasticity of the different parts of the venous bed, it is reasonable to 
assume that the position of R.P. would vary with the existing positive 
pressure. If R.P. is at a distance from the heart approximately equal to 
the existing positive pressure in the superficial veins of the leg, blood from 
these veins would reach the heart at atmospheric pressure and a variation 
of R.P. with existing pressure may act as a regulatory mechanism of 
considerable significance. 

Results with other animals. Experiments were carried out on two cats 
which showed that the hydrostatic reference points were similarly situated 
in this animal. The average overall length was 700 mm. and the distance 
from nose to heart was 208 mm. In the dead animal the average position 
for R.P. from jugular and femoral readings head-down and from foot and 
femoral readings head-up, was 92 mm. caudal to the heart. In the live 
animal the reference point, in the tail end was 127 mm. from the heart 
and, in the head end, 55 mm. from the heart. 


SUMMARY 


Direct measurements of the venous pressure in dogs in the horizontal 
and two vertical (head-down, head-up) positions have shown that the 
heart is not the point from which the hydrostatic factor in venous pressure 
is measured. In the dead animal the venous system acts as an unbroken 
column from head to tail and the reference point from which hydrostatic 
pressure is measured was found to be 82 mm. caudal to the heart in the 
vertical position in an animal of approximately 500 mm. spinal length. In 
the living animal the venous system is broken at the heart giving two col- 
umns with a reference point approximately 121 mm. from the heart in the 
tail section and another reference point 38 mm. from the heart in the head 
section. 
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The “Berithrungsreflexe”’ of Munk, the flexion and elevation of a limb 
produced by gentle stroking of the hairs on the dorsum of the feet, have 
been shown to be cortical reflexes. They are totally and permanently 
abolished by removal of the motor area (Munk, 1896, Dusser de Barenne, 
1933). The contact placing reactions of Rademaker (1931) (included in 
the group of Stehbereitschaft), normally elicited by contact of the dorsum 
of the feet against a table edge, are also permanently abolished by removal 
of the motor area in cats (Bard, 1933) and in rats (Brooks, 1933). The 
problem here presented is, are these reflexes mediated through the pyramidal 
tract exclusively, or do other efferent tracts which descend from the motor 
area, e.g., the cortico-nigral, cortico-rubral, participate in them as well. 

In a series of cats operated on with the usual surgical technique and gen- 
eral anesthesia, 12 bilateral and 5 unilateral lesions were made in the pyra- 
mids in the medulla through an incision in the ventral aspect of the neck, 
after the method of Starlinger (1895, 1897). The lesion was, therefore, 
well below the termination of the tracts mentioned above but involved the 
corticospinal fibers and injured to a varying degree the medial lemniscus. 
The bilateral operated animals represent the most crucial cases, since not 
all of the fibers cross in the decussation. Of these, five were shown, after 
anatomical investigation, to have a complete interruption of both cortico- 
spinal systems. The remaining had lesions of varying size down to ap- 
proximately 50 per cent of the descending fibers. 

In all these animals the Munk’s “Beriihrungsreflexe” and the contact 
placing reactions of Rademaker were completely abolished initially. In the 
unilaterally operated cases, the homolateral limbs recovered completely 
as a rule within the first few days. In the contralateral limbs in all cases, 
a much slower recovery took place. A small amount of return of these 
reflexes was observed in from 4 to 21 days, but at the end of the period of 
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observation (which varied from 2 to 34 weeks) a certain defect was still 
present in that the reactions were less extensive and brisk than those on the 
normal side. In two cases with very extensive lesions no recovery at all 
was evident within three weeks and in the two with the smallest lesions, 
recovery was unusually rapid and appeared to be complete. The ana- 
tomical findings were carefully checked by the Marchi technique. 

Since the Marchi method requires a relatively short period of survival 
it was not possible to determine in the cases above whether a greater or 
perhaps even a complete recovery might not have been possible eventually. 
In two unilaterally operated animals, still surviving after a period of eight 
months, there remains a slight but definite defect in the contralateral limbs. 

The conclusions to be drawn from these animals are that lesions of the cor- 
tico-spinal tract produce a serious disorder in the ‘‘Beriihrungsreflexe’’ and 
the contact placing reactions; that these deficiencies are not as complete 
as those following removal of the motor cortex; and that some other cortico- 
fugal pathways must be capable of mediating these reactionsto some extent. 
The second problem now arises, which are these tracts? A complete 
answer cannot as yet be given, but evidence is present from one animal 
with a complete anatomical study to show that the rubro-spinal tract is 
involved. 

In this animal a lesion was made in the lateral aspect of the midbrain, 
approached through an opening in the calvarium over the occipital region. 
The lesion completely interrupted the left rubro-spinal tract caudal to its 
decussation and did not invade the cortico-spinal system. The medial 
lemniscus arising from the contralateral (right) side of the body was also 
involved. The lesion produced a temporary abolition of the ‘“Beriihrungs- 
reflexe’’ in all four legs. On the contralateral side the reactions rapidly 
returned to normal, while the homolateral limbs made only a slow recovery. 
Feeble “‘Beriihrungsreflexe”’ appeared in these after 4 days; at the end of 
one week the responses were still definitely reduced as compared with those 
on the contralateral side; at the end of two weeks no definite retardation 
Was apparent. 

An unexpected finding in this case was the fact that the contact placing 
reactions of Rademaker during the phase of recovery, did not parallel the 
“Beriihrungsreflexe.”” These responses were initially abolished, but by the 
3rd and 4th days the movements on the homolateral side were excessive 
and jerky, i.e., hypermetric, as compared with the apparently normal, 
smooth and graceful reactions in the contralateral limbs. At the end of 
one week the same differences on the two sides were present. In the later 
stages, on account of the great activity of the animal, reliable comparisons 
could not be made. Professor Dusser de Barenne has communicated to 
me that he has recently observed another example of dissociation of these 
two reflexes, namely, the existence of apparently normal ‘‘Beriihrungsre- 
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flexe’’ with absence of the placing reactions in the same limbs in a decere- 
bellate cat. 

The pathways utilized by the “Beriihrungsreflexe” from the motor 
cortex to the red nucleus are not indicated in the present experiments, but 
at least two are available: 1, the cortico-thalamo-rubral system of Probst, 
which was thought by Rothmann (1901) to be one of the pathways capable 
of mediating the responses on electrical stimulation of the motor cortex, 
and 2, the direct cortico-rubral system of Monakow (1909-10). 

The significant results of this investigation can be stated as follows. 
Lesions of the pyramidal tract give rise only to temporary abolition with 
some permanent deficiencies of the ‘“‘Beriihrungsreflexe”’ and the contact 
placing reactions. Ablation of the motor area of the cerebral cortex has 
been shown to abolish permanently both of these groups of reflexes. These 
two facts taken together prove that extirpation of the motor cortex pro- 
duces greater functional damage than section of the pyramidal tract origi- 
nating in that cortex, and indicate that other cortico-fugal pathways must 
coéperate in mediating these reflexes. 

The observations given above for the effects of section of the rubrospinal 
tract point to the cortico-rubral connections as forming one of these co- 
operating mechanisms. 

SUMMARY 


1. The “Beriihrungsreflexe” of Munk, and the contact placing reactions 
of Rademaker, permanently abolished after removal of the motor area in 
the cat, are less completely affected by section of the pyramidal tracts 
alone. They reappear, although impaired, after a few days. Therefore, 
remaining cortico-fugal pathways must be capable of mediating these 
reflexes to some extent. 

2. Evidence is presented suggesting that cortico-rubrospinal system 
forms such a path for the ‘“Beriihrungsreflexe.” 

3. A ease of dissociation between the “Beriithrungsreflexe” and the con- 
tact placing reactions of Rademaker is presented. 

4. In the normal carrying out of these specific reflexes which pass through 
the motor cortex, the pyramidal tract and other cortico-fugal mechanisms 
cooperate. 
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Dusser de Barenne (5) and Buytendijk (2) first observed that a series 
of small irregular action currents could be detected in an extenser muscle 
of a decerebrate animal. Fulton and Pi-Sufier (8) and Denny-Brown (3) 
repeated this observation and found that if slight stretch were applied to 
the muscle a continuous series of action currents could be obtained from 
it. They found further that if tendon jerks were elicited from the stretched 
muscle, the typical electric response preceded the mechanical respense of 
the jerk, but that during the mechanical response the action currents, 
which were present before the tendon was tapped, were absent. 

This period of quiescence of the electrical record during the mechanical 
response of the jerk has been referred to as the “silent period” of the jerk. 
It should be made clear at the outset that this is merely a descriptive term, 
and whenever referred to in this paper will mean the entire period of 
quiescence which: exists from the last oscillation of the electric response of 
the jerk to the urst wave to reappear in the electrical record. 

Fulton and Pi-Sufier (8) believed that the absence of action currents 
during the mechanical response of the jerk was due to a slackening of pas- 
sive tension on receptor organs in the muscle, with the consequent cessation 
of activity due to the stretch reflex. 

Denny-Brown (3) (4) in a series of experiments has shown that the “silent 
period”’ was not due entirely to the absence of passive stretch upon certain 
receptors, since he demonstrated that the “‘silent period”’ will occur though 
shortening of the muscle is not permitted. Likewise his records indicate 
that the “‘silent period’ may end before the myograph record shows relaxa- 
tion to have taken place. He concluded that the “‘silent period’? was due 
to inhibition imposed upon spinal centers by proprioceptive end organs in 
the muscle spindles which are stimulated by the excitation wave responsible 
for the jerk. 

Recent investigations by Matthews (10) (11) (12) have made it appear 
unlikely that either the hypothesis suggested by Fulton and Pi-Sufier or 
that advanced by Denny-Brown is entirely adequate to explain the “silent 
period.”’ 
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The present investigation was undertaken with the hope that by applying 
a technique devised by Adrian and Bronk (1) for studying the response of 
single motor units, further light might be thrown upon the nature of the 
“silent period.’’ It was felt that if as Denny-Brown (3) concluded and as 
Fulton and Pi-Sufier (8) admitted might be the case, autogenous inhibition 
was responsible for at least part of the “silent period,’’ the inhibitory por- 
tion might be determined in normal human subjects and be made to serve 
as a basis of comparison for further work with clinical cases of neuro-mus- 
cular disorders. 

Metuop. For elicitation of the knee jerk and a study of the phenomena 
associated with it in man, the subject was seated comfortably in a chair 
with one leg slung over a padded cross-bar, so that the foot, when swinging, 
just cleared the floor. A rigid obstruction was placed in front of the ankle, 
so that with slight voluntary effort (extension) the ankle was brought up 
against it. By voluntary extension it was thus possible to produce any 
desired amount of electrical activity in the quadriceps group, to serve as a 
background against which the “silent period’’ might be seen to express it- 
self. The isometric nature of contractions produced by extension against 
the obstruction prevented reverberations of the jerk or other movements 
of the limb which might disturb the electrodes. 

A signal circuit was used in most cases to indicate the moment at which 
the stimulation for the knee jerk occurred. The signal circuit was closed 
by striking with a metal hammer a small copper plate which was placed 
over the patellar tendon. The copper plate was insulated from the sub- 
ject by means of a piece of sheet rubber. In some cases the instant of the 
tendon tap was indicated by an artefact produced in the electrical record. 

For recording the response of single motor units in human subjects, co- 
axial needle electrodes of the type first introduced by Adrian and Bronk 
(1) were inserted perpendicularly through the skin to a depth of from one 
to four centimeters, depending upon the thickness of the superficial layer 
of fat and fascia. The needle was usually manipulated until one or more 
units was heard clearly in the loud speaker when the leg was slightly 
extended against the obstruction. An electrode holder, capable of three- 
dimensional adjustment, was attached to the leg so that any movement of 
the limb which might occur would not displace the electrodes. When the 
leg was slightly extended to a constant degree, causing rhythmical electric 
responses of one or more units, the tendon was tapped, in order to elicit a 
knee jerk. 

When gross electrodes were used they consisted of brass plates (1 cm. x 
4 cm. and 4 em. x 4 em.) covered with canton flannel soaked in saturated 
NaCl solution. The small plate was placed over the approximate motor 
point of the rectus femoris muscle to serve as a grid lead. The large plate 
was placed over the skin just proximal to the patella to serve as a ground 
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lead. With these electrodes, slight voluntary extension caused a back- 
ground response of irregular action currents, upon which the knee jerk 
response was superimposed. 

When cats were used they were decerebrated under deep ether anesthesia 
at least two hours before the experiment and their limbs fixed by means of a 
drill through the condyles of the femur and a clamp to the tarsus. The 
degree of rigidity in the extensor muscle, plus a slight stretch imposed upon 
it, furnished a background response of one or more motor units. 

The action currents were amplified by means of a six stage, transformer- 
coupled amplifier? which drove either a loud speaker or a Du Bois oseillo- 
graph. The oscillations of the latter were photographed upon bromide 
paper by means of reflected light and an eleetrocardiograph camera. 

Resutts. When coaxial needle electrodes are inserted into the reetus 
femoris or one of the other muscles of the quadriceps group in a human 
subject, slight extension of the leg against an obstruetion produces responses 
in one or more individual motor units. The electric response, or action 
potential, which accompanies the contraction of the muscle set up by 
tapping the tendon, is usually a large, slightly asynchronous discharge. As 
pointed out by Denny-Brown (3) the electric response of the jerk is prob- 
ably caused by the slightly asynchronous arrival at the muscle of single 
impulses in a number of motor fibers. Asa result there is a summing of the 
electrical effeets which may be detected in the muscle upon the arrival of 
the motor discharge, thus causing one or more large waves, depending upon 
the degree of synchronization. 

In figure 1 may be noted three records with different amounts of back- 
ground response. In A three individual unit responses are evident as a 
background. ‘These are distinguishable by their characteristic wave form 
and by the regularity of their rhythm. When the electric response of the 
jerk occurs, it will be noted that it is followed by a period of quiescence 
during which none of the units discharge. In record B two units compose 
the background, which is suppressed or delayed immediately following the 
electric response of the jerk. Record C also shows a period of silence fol- 
lowing the jerk. It will be noted in this latter record that there are a num- 
ber of units composing the background response and that the “silent period” 
is shorter than in the other two records. 

The period of silence in the above mentioned records, if examined closely, 
will show that the rhythm of the individual units, particularly in A and B, 
is interrupted, so that instead of discharging during the ‘silent period” as 
they would normally do, had not the jerk occurred, their next response is 
delayed. If it be assumed that each unit, represented in the background 
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response, Was discharged in the electric response of the jerk, then we might 
expect that after a period equal to the average response interval before the 
jerk, we should find that particular unit discharging again. This, however, 
is not the ease, for after such an interval from the moment of the electric 
response of the jerk we find that there is a further delay of from 20 to 40c¢ 


Fig. 1. Knee jerk superimposed on background of individual motor unit responses 
from rectus femoris muscle of a human subject during voluntary extension, showing 
“silent period.”’ A. Background of three individual units a, b, and c; the rhythmic 
eycle of each is delayed by the jerk. B. Two units whose responses subsequent to 
jerk are delayed. C. Background of many units whose activity is suppressed for 
approximately 400 following electric response of jerk. Arrow (pointing to signal 
artefact) in records A and B indicates tendon tap. Same indicated in record C by 
deviation in signal line. Time at bottom of each record in 1/50 second intervals. 


before that particular unit responds again. As will be shown subsequently, 
however, not every unit is discharged in the jerk response, so that the 
delay occasioned in such cases must be calculated from the last response 
before the jerk. 

Denny-Brown (4) has suggested that the tendon jerk probably involves 
only a portion of the fibers in the muscle group stimulated. Evidence of 
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this has been found in several records in which the responses of individual 
units have been recorded. In figure 2 are shown two successive records 
from a series of knee jerks in which it is evident that the single unit being 
recorded as a background response sometimes participates in the jerk 
response and sometimes does not. Figure 2 A shows a single unit dis- 
charging rhythmically and then responding to the jerk stimulus just before 
its regular response was due. In figure 2 B the same unit, still responding 
rhythmically, failed to respond to the jerk stimulus applied earlier in its 
cycle. 

With the degree of excitation (voluntary effort plus refiex effects) rela- 
tively constant, thus causing the unit to respond regularly, we may assume 


Fig. 2. Single motor unit response from rectus femoris muscle of human subject 
during voluntary extension, showing delay in rhythmie cycle occasioned by knee 
jerk. A. Unit discharged in jerk response. B. Unit not discharged in jerk response 
Arrow points to artefact caused by signal circuit. Deviation in signal line indicates 
instant of tap on patellar tendon. Time in 1/50 second intervals. 


that the observed interval between responses is that which is required for 
the excitatory state to be built up to the point of discharging the motor 
unit. Consequently, when as in figure 2 A the unit discharges in the jerk 
response we might expect it to discharge again at an interval after the jerk 
response just equal to the previous interval between successive rhythmic 
responses. Instead, it is consistently delayed from 20 to 40c, depending 
upon the intensity of the jerk response and also upon the degree of volun- 
tary or reflex excitation existent at the center. On the other hand, in figure 
2 B in which the unit does not take part in the jerk response, we might ex- 
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pect that its rhythm would continue unaltered. ‘This is not the case for 
its next response after the jerk is delayed from 20 to 40¢ also. Hence it 
appears that this 20 to 400 interval represents a true inhibitory period 
apart from the interval normally required by the unit between successive 
responses. In a few cases the inhibitory period has been observed to be as 
high as 50 or 60¢, although in most cases it has been within the range men- 
tioned above. 

If this form of analysis is applied to the records shown in figure 1, we find 
that it holds there also and shows a similar inhibitory period for each indi- 
vidual unit. In figure 1 C we have noted that the number of motor units 
in the background is so large that individual units cannot be followed, 
hence it is impossible to determine the interval of each unit’s rhythmic 
response in order to measure the true inhibitory period. Even if this were 
possible we may assume that when the number of units being recorded as a 


Fig. 3. Record obtained with gross electrodes over rectus femoris of human sub- 
silent period’’ which occurs when the 


ject during voluntary extension, showing the “ 
knee jerk is elicited. Deviation in signal line indicates tendon tap. Time in 1/50 


second intervals. 


background response is great, the true inhibitory period could not be de- 
termined in this way, since not all of the units represented in the background 
response could be assumed to discharge inthe jerk. Asa result the rhythmic 
interval of some of them would have to be measured from the point where 
they last discharged before the jerk to their subsequent response in order 
to determine the delay in their rhythmic cycle occasioned by the jerk. 
This being the ease we may then assume that whenever the background 
response represents a large number of units (only a fraction of which are 
silent period” 


discharged in the jerk) each discharging in random order, the 
(period of quiescence from last oscillation of jerk response to the first wave 
to reappear in the electrical record) approximates the true inhibitory period. 
In other words the “silent period” which follows the electrie response of the 
jerk in such cases is automatically limited to the period of inhibition which 
applies roughly to all units whether discharged in the jerk response or not. 


This is borne out in record C of figure 1 where the “silent period” is approxi- 
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mately 40¢ in duration, and is more clearly revealed in figure 3, which is a 
record made with gross electrodes over a muscle group and shows a back- 
ground response contributed by many units (a large proportion of which 
presumably do not take part in the electric response of the jerk). In this 
latter record the “silent period” is about 400 in duration, which compares 
very well with the true inhibitory period as determined in figure 2 A and B 
from a single unit response. 

Thus to determine the true inhibitory period caused by a tendon jerk we 
measure the length of time the response of a single motor unit is delayed 
beyond its usual interval. If the unit is not discharged with the jerk the 
measurement is made from the last response before the jerk to its next 
response subsequent to the jerk. If the unit is discharged with the jerk 
the measurement is made from that moment to its next response. On the 
other hand when the background is composed of the responses of a large 
number of units, many of which are not discharged in the jerk response, we 
may assume that those not discharged with the jerk would tend to dis- 
charge in random order throughout the “silent period’ were it not for the 
fact that each one is delayed in its repsonse by an approximately constant 
amount. The tendency of a large number of units to random response 
plus the fact that each unit is inhibited to a similar extent, automatically 
limits the “silent period” in such cases to that of true inhibition. 

It is interesting to note in the records presented by Fulton and Pi-Sufer 
(8), in which presumably a large number of units contributed to the back- 
ground response, that the “‘silent period” as nearly as it can be determined 
from their records, appears to be from 20 to 50¢ in duration. In some of 
Denny-Brown’s (3) records a “‘silent period” of similar length may be noted, 
in others, however, it appears to be considerably longer. — It must be remem- 
bered of course that some of those in which the “silent period” is of longer 
duration do not involve a background response of many units, conse- 
quently the 
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‘silent period” in such cases includes more than the true inhibi- 
tory period. If the method of determining the inhibitory interval or 
delay imposed upon a unit by a tendon jerk is applied to Denny-Brown’s 
(4) (plate 12, fig. 9) record (assuming that the unit was discharged in the 
jerk response), the period of inhibition or delay in the unit’s rhythm is 
approximately 40 to 500, which, although it is a record of a soleus jerk, is 
in accord with the inhibitory interval determined from our records. 

Following the ‘‘silent period” the renewed rhythm of a unit is accelerated 
for the first few responses. The interval between the first two responses 
which appear after the ‘“‘silent period” is usually the shortest, the unit 
gradually returning to its regular rate of discharge. Denny-Brown (4) has 
also observed this tendency on the part of a single unit to acceleration in its 
rate after a tendon tap (plate 12, fig. 9) or after a period of inhibition im- 
posed upon a unit by ipsilateral stimulation of the hamstring nerve (plate 
fe. 13). 
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Further support of the fact that a period of inhibition sueceeds a tendon 
jerk response is offered in figure 4, which shows a background response of 
two units recorded from the sartorius muscle when slight adduction was 
maintained during the elicitation of the knee jerk. Although no jerk 
response occurs in the sartorius, the rhythmic interval of the two units 
following the stimulation of the patellar tendon is delayed approximately 
350 each. A subsequent acceleration of their response rhythm is also 
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[Fig. 4. Single unit responses from sartorius muscle of human subject showing the 
delay in the rhythmic response of both units following the elicitation of the jerk 
response in the quadriceps musele group. Arrow points to an artefact indicating 
instant patellar tendon was stimulated. Time in 1/50 second intervals. 


Fig. 5. Single motor unit responses produced by slight stretch upon quadriceps 


group of a decerebrate cat. A knee jerk response is superimposed upon the stretch 
reflex background causing a “silent period.”’ A. Electrodes in rectus femoris muscle. 
B. Electrodes in vastus lateralis muscle. Deviation in signal line indicates tap on 
patellar tendon. Time in 1/50 second intervals. 


noticeable. Denny-Brown (3) has likewise reported the tendency for a 
“silent period” to be transmitted from one extensor muscle to another, 
although both may not be represented in the tendon jerk response. 
Similar phenomena have been found in a series of records secured from 
the quadriceps group of a decerebrate cat by means of coaxial electrodes. 
Figure 5 shows two records involving background responses of one or more 
units. Following the elicitation of the knee jerk in figure 5 A, which is 
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recorded from the rectus femoris muscle, there is a ‘‘silent period’ from 
which may be determined an inhibitory interval of from 20 to 30¢ (assuming 
that the unit recorded in the background response discharged with the jerk 
In figure 5 B, recorded from vastus lateralis, an inhibitory interval of similar 
duration may be ealeulated. Thus we see that whether the background 
response is maintained by voluntary effort in the human or by stretch 
reflex in the decerebrate cat, it may be abolished for a short interval during 
which an inhibitory state set up by the jerk is dominant at the center. 
Discussion. As pointed out in the introduction, there are divergent 
opinions as to the nature and cause of the ‘‘silent period.’ Fulton and 
Pi-Suner (8) although admitting the possibility that autogenous inhibition 


might play a part, ascribed the effect mainly to the removal of the stimulus 
for the stretch reflex during the shortening of the muscle in the jerk response. 


They advanced reasons for believing that the muscle spindles are responsible 
for the excitatory effects which cause myotatie responses, such as are ob- 
served in the knee jerk and other forms of the stretch reflex, whereas the 
Golgi end-organs in the tendon were thought by them to have an inhibitory 
function. Denny-Brown (3) (4) on the other hand believed that the 
“silent period” was due to inhibition. He attributed the inhibitory effect 
to the muscle spindles and the excitatory function to the tendon organs of 
Golgi. 

As shown by Denny-Brown (3) and in this paper, the absence of action 
currents immediately following the electric response of the tendon jerk is 
not due to a lack of adequate afferent stimulation, but rather to a central 
inhibitory effect. It is interesting to note that Hoffmann (9) a number of 
years ago arrived at a similar conclusion. He found that by tapping the 
Achilles tendon of a human subject and producing a jerk he could cause 
a “silent period” immediately following the electric response of the jerk. 
The background response recorded from the gastrocnemius was maintained 
by voluntary effort. The duration of the ‘silent period”? measured on his 
record is approximately 40 to 500, which is in aceord with our findings. 

Matthews (12) has recently made a very thorough study of nerve end- 
ings in mammalian muscle and on the basis of this work attributes the ‘‘si- 
lent period” to the absence of excitatory impulses from endings (A | type 
in muscle spindles and to inhibitory impulses from tendon organs (B end- 
ings). He has also called attention to another receptor (A 2 type) in the 
muscle spindles which may have an inhibitory effect. Therefore it appears 
that the inhibitory effeet which we have noted may have its origin in the 
tendon organs, the muscle spindles or both. 

Of greater importance perhaps than the genesis of the sensory discharge 
is the nature of the central effect which expresses itself in the form of 
excitation or inhibition. The fact that a single motor unit (fig. 2) which 


may or may not be discharged in the jerk response, is delayed in its rhyth- 
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mie response immediately following the jerk by a practically constant 
amount indicates that the jerk in some manner sets up an afferent inhibi- 
tory effeet, capable of suppressing the central excitatory state, which im- 


poses its effect upon all motor neurones innervating muscles of related func- 
tion, e.g., the extensors of a limb. The rhythmie building up of an excita- 
tory state in those units responsible for the maintenance of the background 
response (either by stretch reflex or voluntary effort) is temporarily delayed 
in this process by inhibition. The relative constancy of the range of the 
inhibitory interval which we have determined and thb manner in which it 
affects not only those elements of a ‘‘motor neurond pool” direetly con- 


cerned but also those of centers of related function, suggests that the inhib- 
itory effect under consideration abolishes a definite quantum of the cen- 
tral excitatory state. 

The fact that an aeceleration in the rhythm of the background response 
occurs when the rhytmhie response of each individual unit is resumed fol- 
“silent period” is indicative of post-inhibitory rebound (4) (7). 
The after-acceleration may be due to the emergence of an excitatory effect 
of the afferent discharge, previously overwhelmed by inhibition. Recep- 
tors with different thresholds and varying capacities for after-discharge 
might play a part in such a causation of after-acceleration. 

In connection with the ‘silent period” subsequent to the knee jerk should 
be mentioned the work of Eecles and Hoff (6), in which they dealt with 
single motor units reflexly activated by stimulation of a contralateral af- 
ferent nerve and investigated the effect of an antidromic impulse in a 
motor neurone. They found that when an antidromie impulse acts on a 
rhythmically discharging. motor neurone it interrupts the rhythm and 
alters its subsequent phase. The earlier the single antidromic impulse acts 
in the course of a rhythmie cycle the more it lengthens the subsequent cycle. 
Since these investigators have likened the effects of an antidromic impulse 
on a motor neurone to that of a reflex discharge, it might be assumed that 
the lengthening of the rhythmie cycle of a motor unit following a knee jerk 
in our records was due to a similar cause. If our records are examined 
carefully, however, it will be noted (fig. 1 A) that the delay in the rhythmic 
eycle of each unit subsequent to the jerk is relatively constant and is entirely 
independent of the curtailment of the cycle in which the electric response of 
the jerk falls. In contradistinetion also to the findings of Eecles and Hoff 
that the rhythmie discharge following an antidromic impulse reeommences 
at the same rate as before, we have found that there is usually an after- 
aeceleration in the rhythm following a jerk response These and other 
differences lead us to believe that we are dealing with central inhibition 
occasioned by the knee jerk, rather than an effect like that of an antidromic 
impulse. 

Denny-Brown (4) has mentioned the tendency to synchronization of 
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response of two or more units following a short-lasting inhibition, and has 
called attention to its importance in the genesis of clonus. There does not 
seem to be a marked tendency toward synchronization by rebound in our 
records. 

The apparent constancy of the inhibitory interval of the knee jerk in a 
human subject as determined by the single motor unit technique or with 
gross electrodes suggests that it may be a valuable measure in the study 
of neuro-muscular disorders. Likewise, variations in the inhibitory period, 
properly correlated with histological studies may throw additional light 
upon the function of various receptors. 


SUMMARY 


1. When single motor unit responses are recorded from the muscles of 
the quadriceps group of a human subject (voluntary extension) or the 
decerebrate cat (stretch reflex) we find that subsequent to elicitation of the 
knee jerk the rhythmic cycle is delayed for a period of from 20 to 40c, 
occasionally as much as 60¢. This period of delay has been interpreted as 
an inhibitory interval. 

2. Not all motor units are discharged in the jerk response, but whether 
they are or not, they are similarly delayed in their subsequent response. 

3. Following the period of inhibition each unit resumes its rhythmic 
response at an accelerated rate, but gradually returns to its original rate 
before the jerk occurred. 

4. The inhibitory interval extends to muscles of related function al- 
though they are not actually involved in the jerk response. 

5. When the number of units composing the background response is 
large the ‘ 
terval. 


‘silent period” is an approximate measure of the inhibitory in- 
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